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INTRODUCTION and APPARATUS 
i ? : 
INTRODUCTION. 
The r e s e a r c h described here was undertaken as a 
c o n t i n u a t i o n of some previous work by P r o f e s s o r Wagstaff, 
i n t h i s previous work^ ^  the values of the charges on 
mercury drops were obtained from observations on the 
v a r i a t i o n of t h e i r v e l o c i t y of motion along a g l a s s 
tube, which was s l i g h t l y I n c l i n e d to the h o r i z o n t a l , 
when p o t e n t i a l gradients of v a r y i n g magnitudes were 
applied i n the s o l u t i o n . I t was found that w i t h a 
s u i t a b l e p o t e n t i a l gradient the drops moved i n an 
upward d i r e c t i o n , a g a i n s t the force of g r a v i t y , and 
t h e i r v e l o c i t y of motion i n c r e a s e d d i r e c t l y w i t h the 
p o t e n t i a l gradient. By e x t r a p o l a t i o n of the v e l o c i t y -
p o t e n t i a l gradient l i n e s the gradient which would j u s t 
keep a drop i n a s t a t i o n a r y p o s i t i o n , a g a i n s t the 
i n f l u e n c e of g r a v i t y , was obtained. by equation of 
the forces on the drop Wagstaff was able to deduce the 
charge on the drop. tie a l s o made observations on drops 
of varying s i z e , and found, r a t h e r s u r p r i s i n g l y , that 
the charge on these d r o p l e t s was p r o p o r t i o n a l to t h e i r 
volume, and not to t h e i r s u r f a c e area. 
These observations were r e s t r i c t e d to mercury 
drops i n 0.1N Su l p h u r i c A c i d . The method used, while 
2. 
novel, was not of great accuracy, e s p e c i a l l y as the drops 
did not move c e n t r a l l y i n the g l a s s tube, but r e s t e d on 
i t s lower w a l l , so that d i s t o r t i o n from the s p h e r i c a l 
shape of the drop was i n e v i t a b l e , and r o l l i n g motion 
along the tube was a l s o unavoidable. The u s u a l 6ir)u.av 
law of force due to v i s c o s i t y could not hold a t a l l 
a c c u r a t e l y under t h i s combination of circumstances. 
i t was therefore decided to attempt some f u r t h e r 
determinations of the charges on mercury drops, using 
an e n t i r e l y d i f f e r e n t experimental arrangement, by 
which these d i f f i c u l t i e s would be obviated. The apparatus 
wan onlv s i m i l a r i n that the motion under a D o t e n t l a l 
g radient was s t i l l beinp; observed. I n t h i s nev. method 
the drops were allowed to f a l l i n an u n r e s t r i c t e d fashion 
w i t h i n the l i q u i d , and were d e f l e c t e d from t h e i r 
v e r t i c a l course by the a p p l i c a t i o n of a h o r i z o n t a l 
p o t e n t i a l gradient of s u i t a b l e magnitude. The shape of 
the r e s u l t i n g curve was studied, and was used as a means 
of deducing the h o r i z o n t a l force on the drop, from which 
the drop charge was r e a d i l y obtained when the p o t e n t i a l 
gradient a p p l i e d was known. 
i t was a l s o thought that a method such as t h i s 
would be of g r e a t e r v e r s a t i l i t y than the previous 
method, and so an a d d i t i o n a l aim of the r e s e a r c h was 
that of obtaining the charges i n a c i d of v a r y i n | 
c o ncentration, and also i n such other e l e c t r o l y t e s 
experiments on amalgam drops were c a r r i e d out a t a 
l a t e r stage of the i n v e s t i g a t i o n . 
The f a c t t h at a mercury su r f a c e I s charged 
e l e c t r i c a l l y when i n contact with an e l e c t r o l y t e had 
been observed by s e v e r a l experimenters, even p r i o r to 
the above mentioned experiments by Wagstaff. As e a r l y 
( 2) 
as lt>97 Appleyard described some experiments showing 
changes of coherence of mercury drops when p o t e n t i a l s 
w o r n n n n l 1 urt tn t.hnm. «rvi when « 1 « p > . r 1 c . f 1 # » l r t * a t 1 s t f i H 
c a r r i e d out some experiments of a s i m i l a r nature, 
noting the changes i n shape of a mercury globule held on 
a watch g l a s s which was immersed i n ,01N KNO3 s o l u t i o n , 
when c u r r e n t s of i n c r e a s i n g magnitudes were made to 
flow i n the s o l u t i o n * He also observed the phenomenon 
of which t h i s t h e s i s i s a d e t a i l e d account, the d e f l e c t 
Ion from the v e r t i c a l when a stream of mercury f a l l s 
between p a r a l l e l v e r t i c a l e l e c t r o d e s between which a 
p o t e n t i a l g r a d i e n t e x i s t s . Experiments on Cataphoresis, 
the majority of which have been performed by AcTaggart , 
(5) 
and l a t e r by A l t y and h i s c o l l a b o r a t o r s , a r e of 
as were considered to be of i n t e r e s t . Some 
i n the media surrounding them. • L r i s t i a n s e n 
4. 
s i m i l a r type and make use of the v e l o c i t y a t t a i n e d under 
an e l e c t r i c f i e l d as a means of measuring the charges on 
the s m all bubbles of gas used i n these experiments. The 
onarges on these gas bubbles are much smaller than those 
a t t a i n e d by mercury d r o p l e t s , so t h a t the v e l o c i t i e s 
a t t a i n e d by the gas bubbles are very s m a l l , even when 
a comparatively l a r g e p o t e n t i a l g r a d i e n t i s used. A 
measurecant by microscope was used i n these experiments, 
and a s the time involved for any appreciable motion was 
long, the v e l o o i t y obtained was a c c u r a t e . Such a method 
would not be extremely s u c c e s s f u l with mercury s i n c e a 
- - - __— •« 1 Mt * _ « -» * M i _ — — M Ji * „ „ W 1 — 
slow motion of the drops, <nd measurement of v e l o c i t y 
by microscope would s t i l l be out of the question. Also 
unless a r o t a t i n g tube were used, the d i f f i c u l t y of the 
drop touching the tube would s t i l l be to s o l v e . On the 
other hand, the r e l a t i v e l y high v e l o c i t i e s a t t a i n e d when 
the f i e l d s used were l a r g e r were found easy to measure 
when the timing device and method of I l l u m i n a t i o n to be 
described l a t e r were employed. Actual l y the shape of 
the curve gave the h o r i z o n t a l v e l o c i t y r e l a t i v e to the 
v e r t i c a l v e l o c i t y under g r a v i t y , from which the h o r i z -
o n t a l force was found as a f r a c t i o n of the mass. Hence, 
except i n the f i r s t few experiments i n which i t was 
5. 
n e c e s s a r y to prove the nature of the f l u i d motion 
involved, i t was not found necessary to deduce the 
absolute v e l o c i t y s e t up. Thus the motion i n a 
v e r t i c a l d i r e c t i o n provided a u s e f u l standard to which 
the h o r i z o n t a l v e l o c i t y could be r e l a t e d . 
The charges on these drops of mercury, i n 
various s o l u t i o n s and under va r i o u s experimental 
c o n d i t i o n s , are due to ions from the s o l u t i o n s and w i l l 
be i n t e r - r e l a t e d with e l e c t r o d e - p o t e n t i a l phenomena, 
i n f a c t the drops w i l l a t t a i n the n a t u r a l p o t e n t i a l of 
mercury, and the s i g n of t h e i r charge given by the 
d i r e c t i o n of d e f l e c t i o n t"» th"? •« t-.h»nf 
the absolute p o t e n t i a l , r e l a t i v e to the s o l u t i o n only. 
A b r i e f review of work done on e l e c t r o d e - p o t e n t i a l 
phenomexia r e l e v a n t to the { r e s e n t problem, w i l l not 
t herefore be out of p l a c e here. 
The e a r l i e s t t h e o r i e s of e l e c t r o d e p o t e n t i a l s 
were those of Helmholtz, Warburg and Nernst. Palmaer 
t 6) 
gives a review of these t h e o r i e s i n one of h i s papers, 
fternst's theory gave the most s a t i s f a c t o r y explanation 
of mo.** t observed phenomena a t the time, and c o n s i s t e d 
of an a p p l i c a t i o n of the theory of s o l u t i o n p r e s s u r e . 
When the osmotic pressure of mercury ions i n s o l u t i o n 
i s g r e a t e r than the s o l u t i o n pressure of mercury the 
6, 
mercury sur f a c e would a t t a i n a p o s i t i v e charge, and a 
negative one i n the opposite case. Upon t h i s theory 
a gradual diminution I n the concentration of mercury 
ions should reduce the p o t e n t i a l d i f f e r e n c e between 
the mercury and the s o l u t i o n , and i t should be p o s s i b l e 
to obtain n u l l s o l u t i o n s i n which mercury has zero 
p o t e n t i a l . Using a c e l l of the f o l l o w i n g type 
Hg I n u l l s o l u t i o n I KC1 and Hg2Clg I Hg - B i l l i t z e r ^ 7 ' 
and Palmaer v *' made attempts to measure the absolute 
p o t e n t i a l of the calomel e l e c t r o d e . Palmaer admits 
the p o s s i b i l i t y of condensation of s a l t on the mercury 
• i j f f f l f t p . . . but thinks the c o r r e c t i o n for t h i s would be 
•mall* Smith and Moss l a t e r showed that the 
p o t e n t i a l d i f f e r e n c e s between d i f f e r e n t n u l l s o l u t i o n s 
and mercury are not a l l the same. They a l s o showed 
that the p o l a r i s i n g E.to.i . f o r maximum surf a c e tension 
i n the c a p i l l a r y electrometer was i n many cases equal 
to that of the corresponding dropping electrode c i r c u i t , 
110) 
a f a c t p r e d i c t e d much e a r l i e r by Nernst. I n no 
case, however, was the p o t e n t i a l d i f f e r e n c e f o r 
maximum su r f a c e tension n e c e s s a r i l y eq a l to zero, so 
that i t i s doubtful whether the method of n u l l s o l u t i o n s 
does r e a l l y give absolute values. 
ivore r e c e n t l y the drop weight method of 
7. 
measuring s u r f a c e tension has been employed. At 
f i r s t t h e n appeared to be some discrepancy between 
the r e s u l t s taken by t h i s method, and those obtained 
by p o l a r i s a t i o n . bennewitz and D e l l j a n n l s ^ ^ were 
the f i r s t to attempt t h i s method and obtained maxima 
of s u r f a c e tension when the p o t e n t i a l on the s u r f a c e of 
the mercury was approximately +-0.5 v o l t . 
rumkin and O b r u t s c h e w k a ( 1 2 ) P o r t e d out t h e i r e r r o r 
i n assuming the drop p o t e n t i a l to be equal to the 
p o t e n t i a l of the lower mercury e l e c t r o d e , arid measuring 
( 1 1 1 
the l a t t e r , Koseriberg and Stegeman* ' having shown 
that quite a l a r ^ e d i f f e r e n c e could e x i s t between the 
two. bennewitz and . . u c h l e r ^ r e p e a t e d t h e i r previous 
experiments t h i s time connecting the dropping and 
s t a t i o n a r y electrodes,and i n most cases the new curves 
(15 
agreed with those obtained by p o l a r i s a t i o n . Graxford 
performed f u r t h e r experiments of s i m i l a r type, a c t u a l l y 
measuring the p o t e n t i a l on the drops j u s t p r i o r to t h e i r 
breaking away. He found no t r a c e of a maximum at +0.5 
v o l t but obtained curves superposeable upon the p o l a r -
i s a t i o n curves. The drop p o t e n t i a l s were v a r i e d by 
a l t e r a t i o n of the mercurous ion concentration i n the 
s o l u t i o n , but i t should be noted t h a t a c i d s o l u t i o n s 
were used throughout, i t being impossible to make a 
n e u t r a l s o l u t i o n o f mercurous s u l p h a t e or n i t r a t e . 
I f the l a t t e r i s a t t e m p t e d an i n s o l u b l e b a s i c s a l t 
i s formed. 
Modern t h e o r i e s bear s u r p r i s i n g resemblance t o 
the o l d e r t h e o r i e s , e s p e c i a l l y t h a t of N e r n s t . A 
summary o f these i s g i v e n i n a r e c e n t p u b l i c a t i o n by 
(16) 
Qurney . M e t a l s are now c o n s i d e r e d t o oe space 
l a t t i c e s of p o s i t i v e l y charged l e n s w i t h e l e c t r o n s 
f r e e t o Tlove. Aqueous e l e c t r o l y t e s c o n s i s t o f 
h y d r a t e d i o n s . .hen a m e t a l i s i n s e r t e d i n an 
e l e c t r o l y t e p o s i t i v e I o n s d e p o s i t on I t f r o m the 
s o l u t i o n arid l e a v e i t f o r the s o l u t i o n . The metal 
a c q u i r e s a n e g a t i v e o r p o s i t i v e charge depending on 
whether the r a t e of d e p o s i t i o n i s l e s s o r more t h a n 
t h a t o f l e a v i n g t h e m e t a l f o r t h e s o l u t i o n . Assuming 
t h a t i n a p a r t i c u l a r case Ions are d e p o s i t e d on the 
m e t a l a t a slower r a t e than t h a t a t which they leave 
i t f o r the s o l u t i o n , t h e metal a c q u i r e s a n e g a t i v e 
charge and the s o l u t i o n a p o s i t i v e one. T h i s process 
c o n t i n u e s u n t i l the double l a y e r produced i s o f 
s u f f i c i e n t s t r e n g t h t o r a i s e the energy l e v e l o f the 
h y d r a t e d i o n s and lower t h a t o f t h e p o s i t i v e i o n s i n 
the m e t a l u n t i l these become e q u a l . Tne double l a y e r 
i s , I n t h i s c a s e , an a c c u m u l a t i o n o f e l e c t r o n s I n s i d e 
9. 
the metal near I t s s u r f a c e , and an accumulation of 
p o s i t i v e ions i n the s o l u t i o n around. I f o r i g i n a l l y 
the deposition of p o s i t i v e Ions i s g r e a t e r than the 
r a t e a t which they l e a v e , the double l a y e r i s r e v e r s e d . 
I f Y r e p r e s e n t s the d i f f e r e n c e i n energy l e v e l 
between a f r e ^ ion and one bound to the metal s u r f a c e , 
and I the d i f f e r e n c e i n energy l e v e l between a f r e e ion 
and a hydrated one, then the d i f f e r e n c e i n energy l e v e l 
between a hydrated ion and one i n the metal i s W - Y. 
The e l e c t r o d e p o t e n t i a l w i l l depend on t h i s q u a n t i t y . 
Y depends on the concentration of the Ions I n s o l u t i o n . 
Uurney srives the d i f f e r e n c e i n p o t e n t i a l between a 
metal and s o l u t i o n s as 
In the previous equation z I s the valency of the ion 
which c r o s s e s the boundary, is. i s the gas constant per 
molecule, c the c o n c e n t r a t i o n , and f the a c t i v i t y 
c o e f f i c i e n t of the ion. W0 i s the energy l e v e l i n 
i n f i n i t e l y d i l u t e s o l u t i o n . 
This equation i s of the same form as the usual 
V - V s = V 0 + — l o g e ( f c ) 
nF 
and throws some l i g h t on the meaning of V Q. 'Solution 
Pressure' can now be r e p l a c e d by the d i f f e r e n c e I n 
energy l e v e l s between the p o s i t i v e Ions i n the metal 
and i n the s o l u t i o n . 
Only i n hljdi c oncentrations i s the e f f e c t of 
concentration on the electrode p o t e n t i a l at a l l 
(-17) -
ap p r e c i a b l e . i*ic.':ulu^r and Spooner 'have shown, that 
an e l e c t r o d e p o t e n t i a l ir. constant i n a l l strengths 
of s o l u t i o n below a c e r t a i n f i x e d value, which v a r i e s 
with the nature of the s o l u t i o n , and conclude that 
e l e c t r o e p o t e n t i a l has i t s o r i g i n fundamentally i n 
an a c t i o n between water and the metal only. They 
J . . J 4.1 J. 1 -- *. 1 1 1 „ _ ^ i-Y. „ 
O ' u ^ ^ O ^ b C u UilBW MVwtWW* . . . W W W . ^ . W I S - i A. iw*. - - - - mmm uw 
aa a r e s u l t of t h e i r heat motion, and as a r e s u l t a 
stream of ions i s a b s t r a c t e d to a c e r t a i n i; ean 
d i s t a n c e . L q u i l i b r i u m i s reached when the removal 
of ions i n t h i s way i s balanced by t h e i r migration 
back under the f i e l d produced by t h e i r a b s t r a c t i o n . 
H e y r o v s k y ^ 0 ^ also suggested t h a t the fundamental 
r e a c t i o n whereby any e l e c t r o d e becomes charged i s 
Me + OH' = MeOH + 0 
where ;>.e r e n r e s s r i t s the metal, and concluded that a l l 
metals should therefore be negative with respect to 
the s o l u t i o n . I n support of t h i s he c i t e d some of 
the above evidence showing that absolute zero from 
c a p i l l a r y phenomena i s probably i l l u s o r y . He showed 
1 1 . 
t h a t the two methods are I n r e a l i t y the same, and 
suggested a b e t t e r p o s i t i o n f o r a b s o l u t e zero t o 
be between S i l v e r and C h l o r i n e , malting a l l metals 
n e g a t i v e i n agreement w i t h h i s t h e o r y , i i o t h ...cAulay 
and Soooner and a l s o heyrovskry seem t o have o v e r -
l o o k e d the f a c t t h a t « drop o f mercury T r e a s u r e d 
r e l a t i v e t o t h e s o l u t i o n a l o n e , by an a c t u a l d e f l e c t -
i o n of t h e d r o p i n a p o t e n t i a l g r a d i e n t , i s found t o 
be p o s i t i v e . 
A l l t h e argumentI advanced would a p p l y e q u a l l y 
w e l l t o a t h e o r y t h a t a l l m e t a l s are p o s i t i v e , and 
caused f u n d a m e n t a l l y by a r e a c t i o n between the m e t a l 
and w a t e r a l o n e , a t h e o r y hy wni c h a l l m e tals ( a t 
l e a s t between s i l v e r and z i n c ) a t t a i n a p o s i t i v e 
charge by a d s o r p t i o n o f hydrogen or o t h e r p o s i t i v e 
i o n s a t t h e i r s u r f a c e s might p o s s i b l y be i n b e t t e r 
agreement w i t h the f a c t s . I t i s b e l i e v e d t h a t i t i s 
towards such a t h e o r y t h a t t h e f o l l o w i n g e x p eriments 
p o i n t . 
12. 
DESCRIPTION OF APPARATUS. 
(1) The g l a s s V e s s e l . 
The design of g l a s s v e s s e l d e s c r i b e d here 
was found to be the most s u i t a b l e a f t e r s e v e r a l 
p r e l i m i n a r y t r i a l experiments, and the d i f f i c u l t i e s 
which were obviated by the use of t h i s p a r t i c u l a r 
design w i l l be explained i n turn during the d e s c r i p t i o n . 
The same v e s s e l was used throughout a l l the experiments, 
and i t i s shown i n s e v e r a l of the diagrams ( f i g s . 1 , 
3 &• B) . i t was made from a s h o r t length of g l a s s 
tubing of wide bore (approximately 3" diameter), held 
i n such a way that i t s a x i s was h o r i z o n t a l . Above 
and below were s e a l e d I n v e r t i c a l tubes each of 1" 
u i u u i c t o r \a. cc u xiA u g i J - * / * i w uiio i n u i - y u u u n u u einu. 
removal of the mercury drops r e s p e c t i v e l y . While 
f a l l i n g a c r o s s the space between these two tubes, the 
drops were subjected to the i n f l u e n c e of the e l e c t r i c 
f i e l d and observations up >n t h e i r behaviour were made. 
The 3" diameter tube was a l s o f i t t e d w i t h narrower 
h o r i z o n t a l tubes ( C ) , which would accommodate the 
el e c t r o d e s to be used i n the production of the 
p o t e n t i a l g radient. 
The tube A was of l e n g t h s u f f i c i e n t to ensure 
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t h a t each o f the f o l l o w i n g necessary conditions was 
observed:-
(a) Drops forming w i t h i n the l i q u i d could f a l l 
a distance l a r g e enough f o r them to acquire 
t h e i r t e r m i n a l v e l o c i t y i n the l i q u i d before 
reaching the space between the electrodes. 
(b) Drops formed outside the l i q u i d could have 
a s u f f i c i e n t p e riod w i t h i n the l i q u i d before 
reaching the space i n which the f i e l d was 
a p p l i e d , so t h a t the f u l l drop charge would 
be a t t a i n e d . 
The tube B narrowed a t i t s lower end, and could 
be connected a t w i l l to a U-tube (D. i n f i g . 3 , ) , which 
contained s u f f i c i e n t mercury to balance the vessel 
when f u l l of l i q u i d . Each drop of mercury, having 
traversed the f i e l d , coalesced w i t h the lower mercury; 
the f a r limb o f the U-tube was provided w i t h a j e t 
(see f i g . 3 . ) , and as drops entered from the vessel, 
an e q u i v a l e n t amount of mercury was displaced from the 
j e t , and could be c o l l e c t e d as desired. The mercury-
acid surface, which would be charged,was a t l e a s t 6" 
below the lowest p a r t of the e l e c t r o d e s , a distance 
great enough to ensure t h a t i t oould have no n o t i c e -
able e f f e c t upon the paths o f ensuing drops, by 
r e p u l s i o n o f them; t r i a l experiments having shown t h a t 
1 A 
a p ' 1 of rrercury, I f allowed to c o l l e c t immediately 
below the el e c t r o d e s , could have q u i t e an appreciable 
e f f e c t upon the paths of f o l l o w i n g drops. 
(2) The Electrodes. 
Each electrode consisted of a piece of s t i f f 
platinum of size 2n x 1 M , having the longest dimension 
i n the v e r t i c a l d i r e c t i o n . E l e c t r i c a l connections to 
the outside of the vessel were made i n the f o l l o w i n g 
manner. To the exact c e . t r e back; of each electrode 
was soldered a very small brass n u t , and two s t i f f 
copper rods were taooed to f i t the n u t s , vne of these 
rods was screwed i n t o each nut u n t i l i t made connection 
w i t h the electrode back. Each r o d and nut was enclosed 
i n a glass tube of diameter j u s t l a r g e enough to f i t 
over the nut, and the glas3 tubes were sealed t o tlx© 
backs of the electrodes by means of vacuum wax. Each 
rod and i t s glaas covering extended outwards through 
i t s corresponding side tube G on the vessel, and a 
stout tmbber tube was bound down to f i t t i g h t l y on 
both the aide tube C and the narrower glass tube 
c o n t a i n i n g the e l e c t r o d e . Pig* 2 shows an electrode 
assembled. The advantages of such a j o i n t were t h a t 
i t was w a t e r t i g h t , and t h a t i t could e a s i l y be d l s -
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connected and the electrode would then s l i d e I n or out 
to any desired p o s i t i o n . Also the copper connections 
and the brass nuts were completely protected from 
contact w i t h the l i q u i d w i t h i n the vessel, so t h a t no 
r i s k of contamination of the l a t t e r was e n t a i l e d . 
Since there was a Copper-Platinum j u n c t i o n a t each 
sid e , the p o t e n t i a l between the platinum p l a t e s was 
the same as t h a t a p p l i e d across the copper t e r m i n a l s . 
A f t e r these electrodes had boen f i t t e d w i t h i n 
the vessel the assembly was completed by s e u l i n g plane 
glass ends over the open ends of the 3" tube, by means 
of vacuum wax. These glass end3 were n e c e s s a r i l y plane. 
I n order t h a t photographs of the drop movements w i t h i n 
the f i e l d apace might be obtained w i t h o u t d i s t o r t i o n . 
An a c i d - r e s i s t i n g vacuum wax was used f o r s e a l i n g 
purposes. 
The vessel could now be f i l l e d w i t h a c i d or 
any other l i q u i d as desired. Arrangements were made 
whereby the l i q u i d i n use could be c o n t i n u a l l y r e -
placed by a f r e s h supply, as i t was found i n some 
cases t h a t r e s u l t s were considerably a l t e r e d by using 
acid which had been i n contact w i t h the mercury surface 
f o r some time. Accordingly, a steady i n f l u x o f f r e s h 
a c i d , through a narrow tube e n t e r i n g tube A, was 
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balanced by a alow d r a i n i n g away through a c a p i l l a r y 
tube (connected also to tube B, f i g . 3 . ) . by r a i s i n g 
or lowering the end o f t h i s c a p i l l a r y tube, the r a t e 
a t which the acid flowed away was adjusted u n t i l i t 
j u s t balanced the r a t e of renewal, an adjustment com-
p a r a t i v e l y easy to make under the slow r a t e s i n v o l v e d , 
the acid l e v e l i n the vessel f i n a l l y remaining constant. 
(3) The Dropper. 
Pure mercury was s u p , l i e d from a r e s e r v o i r 
connected to a dropper, which consisted of a very f i n e 
r r l a s f s c a p i l l a r y . This was made by drawing out some 
3lass tubing already of c a p i l l a r y form, the drawn out 
p o r t i o n being bent a t r i g h t angles and the connection 
to the r e s e r v o i r made i n a h o r i z o n t a l d i r e c t i o n , so 
t h a t the head o f nercury was as small as possible, the 
drops then forming slowly and evenly. Several droppers 
were used, according to the r e q u i r e d size of drop. I n 
some cases drops were formed w i t h i n the l i q u i d , and i n 
others j u s t above i t s surface - l a r g e r drops being 
obtained more e a s i l y by the l a t t e r method. The 
precaution mentioned, p r e v i o u s l y , i . e . the ensuring t h a t 
the f u l l charge had grown before the drop entered the 
f i e l d , must be observed s t r i c t l y i n these cases since, 
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when formed o u t s i d e , the drop had no charge on l e a v i n g 
the dropper. The r e s u l t s however d i d show t h a t the 
curves were those expected to be traced out by a drop 
of constant charge, and some experiments I n which drop* 
entered the a c i d and the p o t e n t i a l simultaneously I the 
acid w a i l e v e l w i t h the tops of the electrodes) showed 
t h a t a f u l l charge could be obtained w i t h i n the f i r s t 
inch of f a l l , so t h a t the precaution tatten by having 
tube A o f l e n g t h 4 n and f u l l of a c i d was q u i t e 
s u f f i c i e n t for the purpose. A disadvantage of tne 
method using drops formed outside was t h a t drop 
o s c i l l a t i o n s r c r c set up fcfl the drop passed Mn | i j j t r — 
no t h a t the curves were not so cont i n u us aM smooth, 
l i u t i n f a l l i n g down tube A these o s c i l l a t i o n s were 
damped to some ex t e n t , and i n most cases a smooth curve 
was s t i l l o b t ainable. I n the experiments w i t h amalgam 
which were performed l a t e r , a new dropier was used f o r 
each experiment as i t was not found possible to remove 
a l l traces of the previous amalgam from the used 
dropper i n readiness f o r a new experiment. 
(4) Method of Drop I l l u m i n a t i o n . 
The drops were i l l u m i n a t e d by means of a 
very h i g h l y concentrated beam of l i g h t . This beam was 
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r e f l e c t e d by means of a m i r r o r ( a t 45° t o the v e r t i c a l ) 
so t h a t i t f e l l i n a v e r t i c a l d i r e c t i o n . By using 
s u i t a b l e lenses the beam, o r i g i n a l l y about 3" wide, 
was concentrated to a diameter r a t h e r less than t h a t 
of the v e r t i c a l tubes A and a, and when the m i r r o r 
was s u i t a b l y adjusted the apace between the electrodes 
was evenly i l l u m i n a t e d without any p a r t o f the apparatus 
being i n the d i r e c t l i g h t (see Mg. 5 ) . When a drop 
of mercury f e l l between the electrodes a streak of 
l i g h t r e f l e c t e d from i t s surface i n d i c a t e d i t s path. 
These streaks were found to be s u f f i c i e n t l y b r i g h t to 
I I A r»hr> +•.("!cTT>or^ >iAA oo™ipXet*2,yI i n order t o o b t a i n 
s u f f i c i e n t d e n s i t y i n the photographs i t was necessary 
to use an aperture of f/5.5 i n a d d i t i o n to high speed 
panchromatic ( s e n s i t i v e to h a l f - w a t t l i g h t ) negative 
m a t e r i a l . A double extension camera was employed so 
t h a t about a c t u a l size photographs were obtained, 
by keeping open the sh u t t e r w h i l e the drop photographed 
was t r a v e r s i n g the f i e l d , the complete path between the 
electrodes was r e g i s t e r e d as a continuous l i n e I n the 
f i n a l negative. Apart from the use of a cinematograph 
camera, the above was the only p r a c t i c a b l e method of 
recording the drop paths and the photographs were 
c e r t a i n l y much more easy to i n t e r p r e t than a length o f 
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cine f i l n . , showing the drop I n various p o s i t i o n s , would 
have been. Jreat care had to be exercised t o see 
t h a t as f a r as possible nothing I n the camera f i e l d of 
view was Llluminated, apart from the drop; any such 
o b j e c t , d i r e c t l y i l l u m i n a t e d , would be exposed f o r the 
f u l l time of passage of the drop, and hence would be 
very dense when developed, backed plates were employed 
i n order t o minimize t h i s d i f f i c u l t y . 
(5) The Timing of the Drops. 
To ob t a i n the v a r i a t i o n of drop p o s i t i o n w i t h 
time, the i n t r o d u c t i o n of the timin? deviee dewr-.rlhflrt 
here was necessary. The method found t o be most 
s u i t a b l e was t h a t of i n t e r m i t t e n t i l l u m i n a t i o n of the 
drop a t a constant known frequency. The d i r e c t d r i v e 
of an A.C. synchronous motor was used t o r o t a t e a disc 
w i t h vanes, i n such a way t h a t the vanes i n t e r r u p t e d 
the l i g h t bean.. The vanes were four i n number, and 
the space? between them were each the same shape and 
area as the vanes. The motor spindle revolved a t a 
constant r a t e of 5 revs/sec. - so t h a t the drop was 
a l t e r n a t e l y i l l u m i n a t e d and i n darkness f o r periods of 
1/4-Oth sec. each. The path of the drop, i n d i c a t e d 
by a stream under continuous i l l u m i n a t i o n , was now 
i n d i c a t e d by a auccession of b r i g h t dasbes, spaced 
apart by distances equal to the lengths o f the dashes 
themselves. Thus the time taken by the drop to reach 
any p o s i t i o n from the i n s t a n t of e n t e r i n g the f i e l d 
could be determined e a s i l y from the number of dashes 
and spaces between the two p o s i t i o n s . F-JUT vanes 
was found t o be the moat s u i t a b l e number to give short 
enough i n t e r v a l s of i l l u m i n a t i o n . An average sized 
drop took about l / 1 0 t h sec. ( i n d i c a t e d by the dashes) 
to traverse the region of the e l e c t r i c f i e l d between 
the p l a t e s . 
The f a c t t h a t d r o p s hud nt-.+.nlnpr) th«tr ter™ins. 
v e l o c i t i e s could be v e r i f i e d i n a l l cases from the 
e q u a l i t y , or otherwise of a l l the dashes (measured i n 
a v e r t i c a l d i r e c t i o n ) , and t h i s t e r m i n a l v e l o c i t y oould 
be deduced, i f r e q u i r e d , from a simple measurement of a 
known number of dashes. The ti m i n g device 1B shown I n 
r i g . 4. I n a d d i t i o n to the accuracy w i t h which the 
drop was timed by t h i s method, another advantage waa 
evident - the f u c t t h a t while the b r i g h t p o r t i o n s of 
the path were exposed as i n the continuous i l l u m i n a t i o n , 
a l l other parts of the apparatus which were unavoidably 
p a r t i a l l y i l l u m i n a t e d r e c e i v e d only h a l f the exposure 
on 
which they r e c e i v e d under continuous i l l u m i n a t i o n 
experiments, and were correspondingly l e s s a s s e r t i v e 
i n the developed negative. 
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EXPVRII/.ENTAJ METHOD. 
The f o l l o w i n g i s a d e s c r i p t i o n o f the method 
of experiment t o which s t r i c t adherence was made 
throughout the whole series of observations. 
The vessel was f i l l e d to a known l e v e l w i t h 
the l i q u i d d esired for the p a r t i c u l a r experiment under-
taken, and a dropper f u r n i s h i n g drops of the r e q u i r e d 
size was i n s e r t e d i n t o the top tube A, i n such a p o s i t i o n 
t h a t the drops f e l l e x a c t l y c e n t r a l l y between the elec-
trodes. The l e v e l o f mercury i n the r e s e r v o i r was 
adjusted n t i l the drops wtnre formed a t q u i t e a slow 
r a t e - i n most cases a time of more than 1 second 
separated successive drops. The i l l u m i n a t i n g team 
n t M A- ~ ,3 J . ^ _ "I 1 J X-V - - - 1 •* „ 
the electrodes, t h i s being done by a l t e r a t i o n o f the 
angle of the plane m i r r o r above the vessel. The camera 
was f i x e d i n p o s i t i o n a t the c o r r e c t distance and was 
focussed c a r e f u l l y u n t i l the movements of the drop 
were v i s i b l e on the focussing screen, the image of the 
streak being a sharply defined l i n e . The apparatus 
was then drained and f r e s h s o l u t i o n was introduced, the 
tap from the r e s e r v o i r of fr e s h a c i d was opened and the 
height of the end of the c a p i l l a r y tube, through which 
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the used l i q u i d drained away, was adjusted u n t i l the 
l i q u i d l e v e l remained constant, i . e . balance between 
the i n f l u x of l i q u i d and the leakage was a t t a i n e d . The 
synchronous motor d r i v i n g the t i m i n g device was now 
s t a r t e d , and a f t e r making c e r t a i n t h a t the vanes were 
i n t e r c e p t i n g the l i g h t beam I n the c o r r e c t manner, a l l 
was i n readiness f o r the a c t u a l r e c o r d i n g of the drop 
path. The voltage which was req u i r e d was a p p l i e d 
d i r e c t l y by tapping o f f from a storage b a t t e r y . The key 
c l o s i n g the c i r c u i t was depressed, and the s h u t t e r of 
the camera was opened j u s t p r i o r to the f a l l i n g o f the 
dror t bS C b r S r V S d A ~ « « ~ r » » a *-Vi«» , • ? • • , / , r . VtaA • - T » n Tr/-.r> « «rt 
the f i e l d of view the s h u t t e r was released, so t h a t un-
necessary e x t r a exposure o f other parts of the apparatus, 
which were unavoidably p a r t l y i n the l i g h t , was 
el i m i n a t e d . A f t e r some p r a c t i c e i t was found possible 
to have the shutter open only very l i t t l e longer than 
the a c t u a l time taken by the drop i n crossing the f i e l d . 
As i n most cases the drop was d e f l e c t e d i n a 
h o r i z o n t a l d i r e c t i o n , towards one or other of the 
electrodes and as the magnitudes o f these drop d e f l e c -
t i o n s were to be measured, i t was necessary also to have 
some zero l i n e from which t o measure them. For t h i s 
there were two a l t e r n a t i v e s , the f i r s t t o take a photo-
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graph of a drop f a l l i n g v e r t i c a l l y on the same p l a t e , 
and the second to reverse the p o t e n t i a l g r a d i e n t and 
o b t a i n two curves, symmetrical about the v e r t i c a l , on 
the same p l p t e - The second a l t e r n a t i v e was employed 
i n almost a l l cases, i t having been found possible t o 
s h o r t l y a f t e r the f i r s t , by the i n c l u s i o n of a r e v e r s i n g 
key across the el e c t r o d e s . The applied voltage was 
measured on an accurate voltmeter connected d i r e c t l y 
across the electrodes. This was necessary since a 
reading a t the b a t t e r y would have given the f a l l i n 
teu l i u i aui'oob b o t h uattaurj and the e l e c t r - o d e a , and 
e s p e c i a l l y i n the more concentrated s o l u t i o n s the 
resistance of the l a t t e r becomes low enough to be com-
parable w i t h t h a t of the b a t t e r y . Also I n some of the 
experiments a r h e o s t a t was included i n the c i r c u i t , 
the value of i t s r e s i s t a n c e being v a r i e d as a means of 
a l t e r i n g the p o t e n t i a l drop across the c e l l . I n such 
a case the method of connecting the voltmeter d i r e c t l y 
across the c e l l was the only p r a c t i c a b l e one. The 
e l e c t r i c a l connections are shown i n F i g . 6. 
I n order to e l i m i n a t e a l l unnecessary d e t a i l s 
i n the photography a mask was placed over the plane end 
through which the photographs were taken. This mask 
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was of such a l z e as to a l l o w only the e l e c t r o d e s and 
the space between them to be v i s i b l e . A l l other parte 
of the v e a s e l were s h i e l d e d from the l i g h t , and the 
photographs were taken i n darkness except f o r the one 
i l l laminating beam. The d i s t a n c e between the p l a t e s 
was measured by t r a v e l l i n g microscope a f t e r each 
experiment. 
Drop s i z e s were obtained from the weighing of 
a known number of drops. When drops were formed w i t h i n 
the s o l u t i o n t h i s was done by o o l l e c t i n g the mercury 
d i s p l a c e d over from a U-tube below the apparatus. By 
weiehinK the amount d i s p l a c e d during the f a l l of a 
known number of drops, the weight of one drop, and hence 
i t s r a d i u s , was obtained. T h i s method was fotmd to be 
accurate when a l a r g e number of drops were counted. 
Uaually a number of drops were counted o r i o r to the 
talcing of a photograph, and a second l o t done Immediately 
fo l l o w i n g i t . When a a e r i e s of photographs was being 
taken, a number of drops were counted i n the middle of 
the s e r i e s as w e l l as before and a f t e r . I n order to 
minimize the change I n the drop s i z e during the time 
r e q u i r e d for an experiment, a r e s e r v o i r was used i n 
which the surface area of the mercury was l a r g e . The 
removal of a number of sma l l drops r e s u l t e d i n a very 
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small d i m i n u t i o n of the height of t h i s surface, and 
the r e f o r e i n the pressure c o n t r o l l i n g the drop formation. 
T r i a l experiments showed t h a t the d i f f e r e n c e i n size o f 
drops was n e g l i g i b l e f o r even the longest s e r i e s o f 
experiments under taken. 
The exposed p l a t e s were developed, as soon as 
possible a f t e r exposure, i n a developer g i v i n g strong 
c o n t r a s t , and a f t e r f i x i n g were washed thoroughly and 
d r i e d , before any attempt a t measurement was made. 
Photographs whioh were d o u b t f u l i n character were always 
repeated. , t times observations were repeated i n order 
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could be obtained. The v a r i a t i o n i n the measurements 
on p l a t e s exposed under i d e n t i c a l c o n d i t i o n s was u s u a l l y 
inappreciable. 
As the measuring up of numbers o f p l a t e s by 
t r a v e l l i n g microscope was extremely tedious, the 
f o l l o w i n g method which proved to be eq u a l l y as 
accurate, was p r e f e r r e d . The p l a t e s were i n t u r n 
i n s e r t e d i n the s l i d e c a rriage o f a l a n t e r n , and were 
pr o j e c t e d and focussed upon a large f i x e d screen, 
iteeaaurements of the d e f l e c t i o n s were now made by means 
of s e t squares and r u l e r s . The exact m a g n i f i c a t i o n 
from the actual size was obtained from the enlarged 
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distance between the electrodes as compared w i t h the 
a c t u a l distance between tnem. As the m a g n i f i c a t i o n 
was u s u a l l y about 25 to 30 times, measurements to 1/4 
cm by t h i s method corresponded to less than »Ol cm on 
the photographs. A c t u a l l y measurements to w i t h i n 2 mms 
wore e a s i l y obtainable. 
Figures 10 - 15 are a s e l e c t i o n of a c t u a l 
photographs, showing d e f l e c t i o n s o f various xoagnitudes. 
The e f f e c t of the timing device w i l l r e a d i l y be seen by 
comparison of the broken and the unbroken traces. 
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I n o r d e r t o deduce the c u r v e e x p e c t e d t o be t aken 
up b y the d r o p s f r o t h t h e o r y , i t was f i r s t necessa ry t o 
know the type o f f l u i d m o t i o n i n v o l v e d . F o r some t i m e 
u n s u c c e s s f u l a t t e m p t s were made t o c o r r e l a t e t he 
e x p e r i m e n t a l c u r v e s w i t h t hose o b t a i n e d t h e o r e t i c a l l y 
assuming l a m i n a r f l o w o f the l i q u i d a r o u n d the d r o p . 
The e q u a t i o n o f m o t i o n i n t h e h o r i z o n t a l d i r e c t i o n under 
a c o n s t a n t d e f l e c t i n g f o r c e F w o u l d be 
m f c „ F - U T / ^ v 
where m • mass o f d r o p 
a * r a d i u s o f d r o p 
y j - = v i s c o s i t y o f the l i q u i d 
v • h o r i z o n t a l v e l o c i t y a t t ime t 
I n t e g r a t i n g w i t h r e s p e c t t o t , p u t t i n g v » 0 when t « 0 , 
i . e . no s ldewavs v e l o c i t y on e n t e r i n g t he f i e l d o f f o r c e , 
i^ ow v • J v.'he r e y i s the h o r i z o n t a l d i s p l a c e m e n t , so 
t h a t on i n t e g r a t i o n a g a i n , now p u t t i n g y • Q when t » 0 
V » Mr f l - e % p f - ^ ^ t 
2 9 . 
The x v a r i a t i o n w i t h t i s g i v e n by 
x I v t 
X 
where v x i s the v e r t i c a l t e r m i n a l v e l o c i t y . 
The e x p e r i m e n t a ] c u r v e s d i r t n o t f o l l o w a f o r m s i m i l a r 
t o t h a t g i v e n by t h e two e q u a t i o n s above . A l s o , i f t he 
d r o p was a l l o w e d t o f a l l f r o m a p o i n t o f ze ro v e l o c i t y 
i n t h e x d i r e c t i o n a l s o , i . e . i f i t was f o r m e d a t a 
p o i n t i n t h e a c i d w i t h i n the f i e l d , the x v a r i a t i o n w i t h 
t w o u l d be s i m i l a r t o t h e y v a r i a t i o n , e x c e p t t h a t f 
w o u l d be r e p l a c e d by t h e v e r t i c a l f o r c e mg. 
and under these c i r c u m s t a n c e s t he c u r v e w o u l d be e x p e c t e d 
t o degenera te i n t o a s t r a i g h t l i n e 
y / x » r / a g 
T h i s expe r imen t was a t t e m p t e d , t he o n l y change b e i n g t h a t 
a d r o p p e r o f such l e n g t h t h a t d rops c o u l d f o r m w i t h i n t h e 
f i e l d i t s e l f , was employed . F i g . I B . was t h e p h o t o g r a p h 
o b t a i n e d , b e i n g d i f f e r e n t f r o m the r e s t i n t h e f a c t t h a t 
the d r o p a c c e l e r a t e s v e r t i c a l l y as w e l l as h o r i z o n t a l l y , 
shown by the i n c r e a s e i n v e r t i c a l l e n g t h o f the dashes 
u n t i l the maximum i s r e a c h e d . The c u r v e was s t i l l 
p ronounced a l t h o u g h a s t r a i g h t l i n e was e x p e c t e d , and 
i t was t h i s e x p e r i m e n t w h i c h made i t neces sa ry t o check 
30 . 
WW • 
up on t h e a c t u a l t e r m i n a l v e l o c i t i e s , t o d e t e r m i n e 
wne t i i e r t h e m o t i o n was r e a l l y l a m i n a r . • . i f t h e m o t i o n 
were n o t l a m i n a r t h i s w o u l d make a v i t a l d i f f e r e n c e t o 
t he shape o f t h e c u r v e , so t h a t i t was n e c e s s a r y t o p rove 
oeyond doub t the a c t u a l c h a r a c t e r o f t h e f l u i d m o t i o n 
i n v o l v e d . The t e r m i n a l v e l o c i t i e s were o b t a i n e d f r o m 
U B a s u r © m e r i t s o f numbers o i dashes upon t h e p h o t o g r a p h s , 
f o r s e v e r a l sizes o f d r o p . These a re g i v e n i n Tub le I , 
on t he f o l l o w i n g page . A c a l c u l a t i o n o f R* u s i n g the 
g i v e s a v a l u e much d i f f e r e n t f r o m the a c c e p t e d v a l u e , 
i ' o r example , u s i n g the r e s u l t s t a t e d f o r p h o t o g r a p h 4b 
a v a l u e o f abou t . 2b - w h i l e t he p r o b a b l y c o r r e c t 
v a l u e i s a b o u t . 0 1 
The t a b l e g i v e s more i n f o r m a t i o n t h a n the f a c t 
t h a t the m o t i o n i s n o t l a m i n a r . i t g i v e s t h e v a r i a t i o n 
o f t e r m i n a l v e l o c i t y w i t h r a d i u s . Suppos ing now t h a t the 
r e s i s t a n c e t o the m o t i o n i s p r o p o r t i o n a l t o some power 
o f t h e v e l o c i t y . I f the m o t i o n was e x t r e m e l y t u r b u l e n t 
t ne e f f e c t o f v i s c o s i t y wou ld be c o m p a r a t i v e l y u n -
i m p o r t a n t , and t h e d e n s i t y would become o f c h i e f 
i m p o r t a n c e . The t h e o r y o f d imens ions t h e n g i v e s the 
r e s i s t a n c e to m o t i o n t o be ec >\ a v , so t h a t a t t h e 
t e r m i n a l v e l o c i t y 
e q u a t i o n : -
TAbLE I . 
P h o t o g r a p h Drop toagniflc- l e n g t h v 2 
Number l i a d l u s 
(,cius) 
. a t l o n . l / 2 5 t h 
sec . 
•L /Mx25 
i t .0812 5 2 / 1 . 9 1 5 75 .5 6 J . 6 4d50 
A B •» V aUOiC 75 .8 6 9 . o 4670 
50 .0812 5 2 / 1 . 9 1 5 7 5 . 4 6 8 . b 4740 
5 1 .0703 53.5/L.925 7 2 . 6 6 5 . 1 4240 
52 .0703 53.5/L .925 7 2 . 1 6 4 . 9 4220 
53 .0703 53.&/L.925 7 2 . 6 5 5 . 1 424u 
54 .0946 54 .5 /1 .925 8 4 . 7 7 3 . 5 541^ 
un D 4 . 0 / 1 . OkS. J. vis.b D2bu 
56 . 0 9 4 6 54 .5/1 .926 8 6 . 1 74 ,0 5490 
77 •062k 5 5 / 1 . 9 2 6 6 b . 6 6 0 . 2 3630 
7b .0620 5 5 / 1 . 9 2 5 7 1 . 1 6 2 . 3 3bbo 
79 .(J 620 5 5 / 1 . 9 2 5 7 0 . 4 6 1 . 7 3b00 
30 . 062v 5 5 / 1 . 9 2 5 7 1 . 4 62 • 6 391^ 
8 1 .0620 5 5 / 1 . 9 2 5 6 b . 2 5 9 . 8 35b0 
132 .0570 5 4 / 2 . 0 0 6 4 . 2 5 9 . 4 3520 
134 .0570 5 4 / 2 . 0 0 6 6 . 5 6 0 . 5 3650 
135 .057 5 4 / 2 . 6 5 . 4 6 0 . 4 3640 
i.e. vxZ OC cx 
wnereas , i n the case o f l a m i n a r m o t i o n , a t the t e r m i n a l 
v e l o c i t y ^ 
2 
i.e. oC a 
A l t e r n a t i v e l y t o e i t h e r o f the above p o s s i b i l i t i e s , the 
r a t e o f f a l l may be such t h a t the m o t i o n was o f some 
i n t e r m e d i a t e s t a g e , b u t t h i s c o u l d be d e c i d e d d i r e c t l y 
f r o m t h e r e l a t i o n between v x and a . i ' ' ig» • « shows the 
g raph r e l a t i n g v | and a , w h i c h i s a good s t r a i g h t l i n e , 
and w h i c h amply p r o v e s t h a t a t the p a r t i c u l a r o r d e r o f 
speed i n v o l v e d the iaw o f r e s i s t a n c e p r o p o r t i o n a l t o 
tho square o f t h e v e l o c i t y h o l d s . The f a c t t h a t t h e 
d rop i s l i q u i d and t h e r e f o r e s u o j e o t to e m a i l o s c i l l -
a t i o n s abou t a MMB s p h e r i c a l p o s i t i o n , w o u l d seem t o be 
conduc ive to a t u r b u l e n t s t a t e of t h e l i q u i d a round t h e 
d rop* I t i s d i f f i c u l t t o imagine a smooth f l o w p a s t 
the d r o p even when i t i s o s c i l l a t i n g o n l y v e r y s l i g h t l y . 
The s t r a i g h t l i n o o b t a i n e d a l s o gave t h e c o n s t a n t o f 
p r o p o r t i o n a l i t y between f o r c e and ( v e l o c i t y ) . 
O p 
I f t h e r e s i s t a n c e a t v e l o c i t y v i s k a v , 
t hen a t the t e r m i n a l v e l o c i t y 4TT(p->)a°g = k a v x ' 
i f e i s the s l o p e o f the g r a p h , t a n 0 = v ^ / a = ^ T f - ^ J g / k 
38 . 
Thus t / ie g r a p h g i v e s A d i r e c t l y , t ne va lue o b t a i n e d 
b e i n g 
k - 1 . 0 0 7 B X 10 
The t r u e e q u a t i o n f o r the h o r i z o n t a l m o t i o n under the 
f o r c e F now Decoiues -
m dv z V - K v 2 
a t 
where K i s s u b s t i t u t e d f o r k a 5 6 , 
i n t e g r a t i n g , p u t t i n g v • 0 when t « 0 , 
ft - v = Jl -"CSM 
T h i s r e p r e s e n t s t h e h o r i z o n t a l v e l o c i t y a t t i m e t a f t e r 
e n t e r i n g i n t o t h e i n f l u e n c e o f the f o r c e , i n t e g r a t i n g 
a g a i n and p u t t i n g y = 0 when t • 0 , the d i s p l a c e m e n t y 
i n t i m e t i s o b t a i n e d , 
y - a . . loo f c o s k ^ r t \ 
A l s o , x • x keinp; t h e v e r t i c a l c o - o r d i n a t e , 
hence the f o r t - o f t h e c u r v e , o b t a i n e d b y e l i m i n a t i o n 
o f t , i s : -
Z _ Z _ ± . ' - 3 . ( " ' ^ * ) 
T h i s cu rve assun.es t he a s y m p t o t i c f o r m -
v _ / £ . * - n . « o . # Z fete ft* 5 ) 
Thus the d r o p e v e n t u a l l y f o l l o w s a s t r a i g h t l i n e when 
the t e r m i n a l v e l o c i t y i s r e a c h e d i n t h e y d i r e c t i o n as 
3 3 . 
w e l l as i n tne x d i r e c t i o n . The s l o p e o f the l i n e 
y / x i s equa l t o / T . l t w h i c h beootnes the e x p e c t e d v a l u e 
- VK v x s 
Vtng when s u b s t i t u t l o a f o r v x i s made f r o m t h e r e l a t i o n s h i p 
. 2 -
rvVx - mg . 
The f o r m o f the c u r v e i s perhaps b e s t w r i t t e n 
as two e q u a t i o n s r e l a t i n g b o t h y and x t o a pwrameter 
z, as f o l l o w s -
X = tl^x . 2 s ince 7, = f*JL X 
Since V x = ./Jn^ 
i . 0 . 
K 
B air h » vrj>1 t.f.an A . I M Q I fen ^— / £ .^C 
3 X m 
mcj ~ V K x y &\n[l). 
I t was n e x t neces sa ry t o make c e r t a i n t h a t the 
c u r v e s o b t a i n e d e x p e r i m e n t a l l y agreed w i t h t n i e 
t h e o r e t i c a l l y p r e d i c t e d f o r m . T h i s was done i n the 
f o l l o w i n g mamier* I Ml a d r o p o f r a d i u s a the v a l u e 
o f £ c o u l d be f o u n d by c a l c u l a t i o n tnus -
K k<x* 3 k 
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s o r any p h o t o g r a p h l e t t h e m a g n i f i c a t i o n be 
deno ted by k . by p l o t t i n g the m a g n i f i e d measurements 
the g r a p h o f Ly a g a i n s t was o b t a i n e d . flow c e r t a i n 
s p e c i f i c v a l u e s o f z were t a k e n , a n d the v a l u e o f 
l o g e c o s h z coiLputeu i o r e a c h . "values i n c r e a s i n g 
r e g u l a r l y f r o m - „ 1 t o 0 t 7 i n s t a g e s o f o.ofc were used , 
and fcj£logecosh z was o b t a i n e d f o r e a c h . The v a l u e s o f 
Ms c o r r e s p o n d i n g on the c m t o these v a l u e s o f &y 
s h o u l d a l s o i n c r e a s e i n e q u a l s t a g e s . T h i s f o l l o w s 
s i n c e x i s p r o p o r t i o n a l t o z . i n t he m a j o r i t y o f cases 
the va lues o f » x so o b t a i n e d i n c r e a s e d u n i f o r m l y . 
T h i r p roves t h a t the e x p e r i m e n t a l «\'rv*> f n l i n n q t h e 
t h e o r e t i c a l l y deduced one . The i n c r e a s e o f K X ( d e n o t e d 
j y L ) i c o r r e s p o n d i n g to a z i n c r e a s e o f was f o u n d 
f o r e v e r y p h o t o g r a p n , and used i n t he d e t e r m i n a t i o n o f 
the h o r i z o n t a l f o r c e i n each case i n the f o l l o w i n g 
manner -
•5! 
f x 
From t h i s v a l u e o f z , F was d e t e r m i n e d u s i n g 
x mg 
e q u a t i o n ( 1 ) 
3 6 . 
As t h e method can be f o l l o w e d mere r e a d i l y f r o m 
an a c t u a l n u m e r i c a l c a l c u l a t i o n , one comple te se t of 
r e s u l t s •» i . e . t hose w i t h mercury i n u»OGl i< s u l p h u r i c 
a c i d , t h e d r o p s i z e and p o t e n t i a l g r a d i e n t b e i n g v a r i e d -
i s i n c l u d e d a t the end o f t h i s c h a p t e r . The v a l u e s o f 
p were o b t a i n e d f r o m a l l o t h e r p h o t o g r a p h s i n a s i m i l a r 
f a s h i o n , so t h a t t o i n c l u d e the p h o t o g r a p h i c d e t a i l s 
and the c a l c u l a t i o n s f r o m these w o u l d be u s e l e s s r e p e t -
i t i o n . The f i n a l r e s u l t s a l o n e a re s t a t e d . 
h a v i n g o b t a i n e d t h e v a l u e o f the h o r i z o n t a l f o r c e 
on t h e d r o p ( v ) t h e v a l u e o f the cha rge must be deduced 
fhflvittfiriAm^ The f o r e s .y s x p e c t " ^ t o I n g r e s ? * w< +-v> 
d r o p c n a r g e , and a l s o w i t h p o t e n t i a l g r a d i e n t . For a 
p o x n t cua rge o r volume d i s t r i b u t i o n ox charge the f o r c e 
w o u l d oe t h e p r o d u c t o f cha rge and f i e l d , b u t the 
charges c o n s i d e r e d nere are p r o b a b l y d i s t r i b u t e d upon 
t h e s u r f a c e o f the a r o p s . Assuming t h a t the d r o p 
c o l l e c t s p o s i t i v e charge on i t s s u r f a c e , i t w i l l a l s o 
a t t r a c t an atmosphere o f n e g a t i v e i o n s i n t o i t s 
immedia te v i c i n i t y i n the s o l u t i o n , so t h a t a d o u b l e 
l a y e r i s f o r m e d , assuming a p o t e n t i a l V<j ( e q u a l t o 
the n a t u r a l p o t e n t i a l o f mercu ry w i t h r e s p e c t t o t h e 
s o l u t i o n ) ac ross t h i s d o u b l e l a y e r , o f t h i c k n e s s d , 
. . a g s t a f f ^ showed by i n t e g r a t i o n o f t he f o r c e s on an 
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e l e m e n t a l zone o f t he d r o p s u r f a c e t h e t t h e f o r c e on 
the d r o p under these c i r c u m s t a n c e s would be g i v e n b y : -
F m 1 a 2 V 0 . dV • b e l n g 
3* ~ d " dy" d y 
p o t e n t i a l g r a d i e n t 
_2 
Now ^ i s t h e c a p a c i t y o f a s p h e r i c a l condenser o f I n s i d e 
r a d i u s a, and o f t h l c k n « 8 s d . The d r o p and I t s 
a tmosphere amounts t o a condenser o t h i s t y p e , the 
L 
p o t e n t i a l ac ross w h i c h I s V . Tha t i s , 5—1 i s t h e 
d 
charge on e i t h e r p l a t e , w h i c h i s t h e p o s i t i v e charge on 
the d r o p ( E ) . 
F { I v SI 
3 dy 
T h i s e q u a t i o n was used i n t h e charge d e d u c t i o n , 
b u t t he f a c t was a lways borne I n mind t h a t I f f o r any 
r e a s o n i t s h o u l d be suspec t ed t h a t t h e charges were n o t 
t o t a l l y upon t h e s u r f a c e , b u t e x i s t e d as a volume d i s -
t r i b u t i o n , t hen F » w o u l d h o l d and t h e charges 
dy 
deduced f r o m the f i r s t e q u a t i o n w o u l d be t h r e e t i m e s 
t h e i r t r u e v a l u e s . 
Back-E . iv . . i - . M ^ f i c u l t i l e s . 
A d i f f i c u l t y w h i c h a r o s e i n expe r imen t s u s i n g 
t he more c o n c e n t r a t e d s o l u t i o n s was t h a t the a c t u a l 
p o t e n t i a l g r a d i e n t ex 1 ? t i n w i t h i n t he s o l u t i o n was n o t 
n e c e s s a r i l y e q u a l t o the v o l t a g e a p p l i e d d i v i d e d by t h e 
3 7 . 
d i s t a n c e between the p l a t e s . I n s u l p h u r i c a c i d a b a c k -
E . K . F . o f t h e o r d e r o f 1 v o l t i s s e t u p , and a l s o the 
p o t e n t i a l g r a d i e n t a c ros s any b u b b l e s o f gas on t h e 
e l e c t r o d e s would be g r e a t e r than t h a t across the s o l u t i o n , 
When i t i s c o n s i d e r e d t h a t w i t h p l a t e s abou t 2 cn. a p a r t 
i n . I N a c i d 1/4 v o l t pe r cm i s s u f f i c i e n t p o v M l t l t d 
g r a d i e n t i n the s o l u t i o n t o d e f l e c t d rops n e a r l y t o 
the p l a t e s , w h i l e abou t 2 v o l t s must be a p p l i e d t o o v e r -
come t h i s back - E . to .F . awl the e f f e c t due to the b u b b l e s , 
t o o b t a i n t he 1/4 v o l t p e r cm i n t h e s o l u t i o n , - i t 
becomes obv ious t h a t i f t h e p o t e n t i a l g r a d i e n t i s s i m p l y 
ts i ran «» P v n i t .»/PATT.W i n s t e a d of l / 4 v c l t per CIS GLC i t 
s h o u l d b e , i n t h i s ex t r eme case t h e charge deduced w i l l 
be i n c o r r e c t by a f a c t o r o f 4 t i m e s . i n the weaker 
s o l u t i o n s the charges were l e s s , and the p o t e n t i a l s 
r e q u i r e d t o g i v e r e a s o n a b l e d e f l e c t i o n s became g r e a t e r 
compared w i t h t h e back - b u t even so i t was 
s t i l l d e s i r a b l e t o a l l o w f o r the back - K«il*#i i f 
poss i b l e • 
The d i f i c u l t y was surmounted by a c t u a l measure-
ment o f t h e b a c k - L . L . ; . , and a l s o b y t a k i n g a s e r i e s o f 
pho tog raphs w i t h v a r i o u s v o l t a g e s a p p l i e d . i ' o r each 
one o f these a c u r r e n t measurement was t a k e n , and the 
c u r r e n t i n c r e a s e d u n i f o r n . l y w i t h v o l t a g e . By p l o t t i n g 
18< 
the current - voltage straight line and extrapolating 
i t to cut the voltage axis , the baok-E.fc.P., i . e . the 
E.M.F. at which no current flowed, was obtained* Since 
no current flowed there could be no foroe on the drop 
at this voltage, so that when the force on the drop was 
plotted against the applied voltage, the point - back 
E.iV.F. voltage, zero foroe - was used in addition to 
those points obtained from the photographs. 
This lat ter graph was a straight l ine , showing 
that the foroe was proportional to the potential 
gradient. Usually ^ was pi tted a/.ainst voltage 
instead of f alone. The slope of this line ucave a 
value to I f as follows • 
dV 
dLY 
J 
dV • 
o r 300 
<i\ ) i f i \ is the force for a gradient of ( dy 
IdV 
dy 
\f in volts . 
V m e.s.u 
Then 
900 L a y 
900 
v, - A 
D ] v> -a ID 
where A • baok E.M.F. 
D = Plate distance 
3 9 . 
Slooe of K r a p h . t a n \Lr = , ^ — = — 5 
" T (V, - V ^ 900."D.-m^ 
E = 900 . "D. "m« . t 
TABLE I I . 
R e s u l t s I n . o o l N H2SO4. 
Photographs 6 4 - 6 9 , a = . 629 cm. 
h o t o g r a p h 64, V * 1 0 . 4 v , M » 5 3 . 5 / 1 . 9 2 5 , 1 1 6 « 66.Gem. 
• f j .95 1.75 c . ?C 4 .75 rt Q 1C 16 .6 O n c 
t 
1 
I 0 
1 
4 8 12 16 
• 
_ 
20 
1 
24 2cs 
L 
32 
L . 
Photograph 65 . V • t i . 3 5 v , M » 5 3 . 5 / 1 . 9 2 5 , l i e " 69.7cm, 
| .55 l . l o 1 . 90 3.25 5 . 5 7 .35 0.7 • 12 .5 15 .6 
t 4 8 12 16 SO 24 26 32 
Pho tograph 66 . \ " b . 2 5 v , «. - 5 3 . 5 / 1 . ^ 2 5 , l ^ g - 71.0 cu:, 
1 
1 Urr ,4F> .7h 1 - 4fi ! P . fi 8 . Q5 5.70 ! 7.Mi) 1 0 .1 12.65 
| " 
! t 
j 
0 4 b 12 16 20 24 88 32 
Photograph 67 4.2'JV, S-. - 5 3 . 5 / 1 . 9 2 5 , l l g - 71 .5 On 
• I .10 r. 1.2 4 .55 6 . >0 7.05 
t 0 4 8 12 16 BC 24 20 32 
Pho tograph 60. 2 . l 0 v , h * 5 3 . 5 / 1 . 9 2 5 , l i g * 72* cm. 
• J 0 .25 .45 .00 1.25 1.75 2.20 0 70 3.15 
t 4 8 12 16 20 24 28 32 
Pho tograph 6 9 . V * 7 . 2 0 v , to • 5 3 . 5 / 1 . ^ 2 5 , 1 1 6 « 70 .0 cm. 
toy .35 .90 3 . 4 .50 6 .35 8.50 10.95 13 .65 
t 0 4 6 12 16 CO 24 28 3^ 
TAnLE I I . ( c o n t i n u e d) 
Photographs 7 0 - 7 5 , a « ,0922cm. 
Pho tog raph 7 0 . V « 1 0 . 7 V , Ai • 5 5 / 1 . 9 2 5 , l i g " 8 2 . 5 cms. 
By .40 .65 1.95 3 . 7 . 6 .05 8,oL 11.95 15 .45 -
t 0 4 8 12 16 80 24 2b 32 
Pho tog raph 7 1 . V a d .5v, it. • 54.5, / 1 . 9 2 5 > *u* • b l . 4 cms. 
- y o 1.00 2 .25 3 .55 5.50 7 . 7 0 1 ,80 12.30 -
t 0 4 8 12 16 20 24 2b 32 
P h o t o g r a p h 12.. V * 6 .3wv , id a 5 4 . 5 / 1 . 9 2 5, l ^ Q 3 8 1 . 0 cms. 
My .45 1.00 1.80 3 . 0 5 4 .75 6 .65 8 .60 10.20 -
t 0 4 b a 16 20 24 28 32 
P h o t o g r a p h 7 3 . V - 4.1 20v, • « 5 4 . 5 / 1 . 9 2 6 , 1 1 6 » 3 4 . 5 cms. 
toy | 0 Q o . 10 .25 .60 1,30 2 .3b 3 . 4 
t o 4 8 12 16 20 24 28 32 
Pho tog raph 7 4 . V * 4 . 2 0 v , M s54 .5 /1 .9P , r , l l 6 a • 8 3 . 7 cms. 
fey 0 .10 .15 .50 1 . 0 5 8*00 3 .25 4.6C -
t 4 8 12 16 20 24 2b 32 
* AAV r aph l «-< . = 5 5 / i . 9 2 5 , • o6 .0 cms. 
k y 0 •so .90 1.45 1.75 2 .20 2 .50 3 . -
t 0 4 8 12 16 2 24 2o 32 
40 
.bach o f the pho tog raphs i n Tab le I I was r e -
p l o t t e c i on squared paper ( see the f o l l o w i n g p a g e s ) . 
Tab l e TEI g i v e s t h e v a l u e s o f M ~ l o g e e o s h . z , p l u s 
the a p p r o p r i a t e z e r o s , f o r v a l u e s o f z r a n g i n g between 
0 and . 7 , f o r each o f the pho tog raphs 6 4 - 6 9 . T a k i n g 
these v a l u e s f o r My t h e v a l u e s o f t c o r r e s p o n d i n g 
t o these on the pho tographs were f o u n d and hence J?' 
was deduced , f o r each p h o t o g r a p h . Tab le IV g i v e s 
v a l u e s o f M ^ l o g e c o s h . z f o r t h e second s e t o f p h o t o -
g r a p h s , and the v a l u e s o f V f o r t hese were deduced i n 
a s i m i l a r f a s h i o n , and a r e shown i n the pa?es 
4 ~ J « - 4> - 1 — 1 • t 
* — ~ — w ~ ^ * ^ . . . w — . 
M 3 0 
4 1 * 
1 1 
• 
\\ \ 
6 
\ \ 
\ \ 
12 
• 
\ \ \ \ \ 
\ \ x Ik 
\ \ t V 
\ \ 
\ 
\ 
\ 
20 
\ 
\ 
\ 
24 
\ 
\ \ \ 
2ft 
E 
32 
M 
10 
1 
1 \ \ 
K 
\ \ \ 
X 8 \ \ 
\ \ \ 
12 
\ 
\ 14 \ 
t 
2o 
V 
\ 
2\ 
28 
\ 
321 "PHOTO&RAPH (?8 
It 
4 6 
\\\ 
• 
\ 
V \ 14 \\ 
20 
\ 
\ \ 
24 \ 
r 
?HCTOGI?APH 72 PHOTCt-WH 7| r HOTCaHM p\\10 
M 
8 b x 
12 16 
\ 
\(o\ O 
V 
24 
PHOTOGRAPH 7 3 
PHOTOGRAPH 74-
<2 
I 
40 
\ 
THOTOC-RAPH 75" 
4 1 . 
TABLE I I I . 
z lc. Loge 
< ,a/. z ••• 
64 
ero 
65 
fcero 
.6 
66 
ero 
.5 
67 
ero 
. 1 
6o 
ero 
0 
6y 
nero 
,35 
m 
n r~ 
XV 
20 
25 
30 
35 
40 
5o 
60 
70 
.0043 
• D x<o>- -
.0191 
.0315 
. 44./ 
.0601 
.0777 
• isto< 
.1706 
• 4.,' . . 40 
U40 
2.96 
4.13 
5.65 
7.29 
.80 
.96 
• J. »• ^ 
.65 
.29 
»00 
. 4 
.56 
.73 
.25 
»si 
.9; 
.46 
.63 
.15 
.79 
10 .05 117.05 15.65 13.55 1 
1.44 2 .44 
.50 
9 OV> 
.90 
.06 
1.23 
3.75 
.39 
.40 
.80 
.96 
.13 
7.29 
.75 
1 A-
P. 15 
>.31 
4.48 
3100 
7.64 
3.15 15 16.40 
Photograph 64. 
values of t marked o f f f r o m the graph correspond-
i n g to the above values o f My:-
2 . 8 , 5 .7 , 8 .2 , 10 .5 , 12 .9 , 15 .4 , 17 .9 , 23 .2 , 28. 4 
D i f f e r e n c e s : - ? . 9 , 2 . 5 , 2 . 3 , 2 , 4 , 2 .5 , 2 . 5 , 5 .3 , 5.2 
The l a s t two correspond to a z d i f f e r e n c e of . 1 and are 
thus double the r e s t . The e q u a l i t y of these shows t h a t 
the exper imenta l curve has a t r u e lo;r, cosh f o r m . 
42 
n change I n t f o r a change I n z o f .05 = 2o.4 - 2.b 
10 
- 2.66 
t of I t = MX of G>8 0 = x of (=8 0 x 
53S 
1 of 1 _ 2L of . 05 . 
127 
m = 1 IT (12.6) a 5 
3 
I * I . 0 0 7 x 1 0 " 3 - 2 n 
= 53.6a • 3.38 ( t h i s app l i e s to a l l 
<w the photographs 64 - 69) 
F - ( _ x _ ) rug 
• e. P i .IB'.) nig. 
Photograph 65. 
Values of t 
3 . 9 , G.7 ; 9 G , 12 Co , 15.G , ' & 5 , 2 1 2 , 27.4 
M< BO d i f f e r e n c e corresponding to z Increase o f .05 « 2o_j_7 
2 of .OS K C of 2p_? == M X of ?c_7 
7 IV 7 
m, X oT .4-t4-
.1075 
I = .132 ffiK. 
Photograph 66. 
Values of t 
S.\ , 8 9 , 12.0, 15.0, 18.0 , 2 U , 24.1 ,31.0 
43 . 
toean d i f f e r e n c e corresponding to z increase of ,05 
Z oP .OS = t of 3.17 m Mx of 71.0 x ^ 
• x o£ .503 
i s .100 
x 
F = .112 mg 
Photograph 67. 
4-0 , 8 1 , 11.7 , Ko.0, 20.2, 24;A 
fcean d i f f e r e n c e corresponding to z increase o f .06 
z of OS ?= t" of 4-.08 = Mx of 7I.S x 4^ 08 
x of .fcS"6 
z 
X 
. 076 
.066 Pig 
Photograph 6a. 
V a l u . e s of t 
<o.8 , I4:fc , 21.8 , 2.9.8 
I ean d i f f e r e n c e s corresponding to z increase of .05 
z of .os- m 0 of 7.G7 m M x of 72.0 x 
lb 
m x of 1.24-
| s .0403 
F = .019 mg 
44, 
Photograph 69. 
"Values of "t 
3 2 , CP8 , 9 . 8 , 1 3 0 , ICO , 19 2 ,22 .3 . 
Mean d i f f e r e n c e corresponding to z Increase o f .05 = 15.5 
5 
z of 05 = tof 3.1 = Mx of 70.0 > y 
= x o! 486 
£ - . D 2 5 
x 
F = .120 mg 
TABLb I V . 
Photograph Appl ied Voltage F o r c e / m g 
64 10.4v .180 
65 8.35 .132 
66 6.25 .112 
67 4.20 .066 
68 2.10 .019 
69 7.20 .120 
45. 
TABLE V. 
log^osh z 
to HI v 
If 
70 71 72 73 74 75 
z 
COSh I 
. zero 
•40 
L as 
I n 75 
zero 
.45 
zero 
0 
zero zero 
0 
zero 
0 
M • 
.10 .0043 .60 1.00 1.05 .60 • t>u .60 0 ,61 
.15 .0120 1.68 2.08 2.13 1.68 1.68 1.68 1.70 
.20 .0191 2.68 3.08 3.13 2.68 2.68 2.68 2.70 
.25 .0315 4.43 4.83 4.88 4.43 4.43 4.43 4.47 
• 3 .0440 6.18 5.56 6.63 6.18 6.18 6.18 6.23 
.35 .0001 8.44 6.64 8.89 8.44 8.44 8.44 8.52 
.40 .0777 10.93 11.33 11.38 10.19 10.93 10*99 l i . 0 3 
.50 .1800 16.85 17.25 17.30 16.85 16 .35 16.65 17.02 
Photograph 70. 
ATo.l\*es of t 
S-.o , 8.L , 10.8, (4 :0 , 17.0, 20.2 , "23 .2 . 
keen d i f f e r e n c e corresponding to z increase of .05 • 1*2• 4 
•z of .05 s t of 3.1 = f i x of 82.5 x ^ 
= X of .5~7 
4. 
z ; 4 ° J m . 5 3 > 6 , a 4.965 
x — — .57 ~"K 
* .188 ing 
46. 
Photograph 7 1 . 
V Q Ivies of t 
2.8 , S. 4- , 9.9 , 13.8 , 17.4- , 21.2 , 2S. | 
Mean d i f f e r e n c e corresponding t o z Increase o f .05 * 3.8 
• % of ,05 = t of 3.8 * Mx cf 81.4- x ^ 
ss x. of .685 
1 = .0736; P = .133 mg 
PiiOTO GRAPH 72. 
V^ul\ieb of ir 
+.0 , 8.4- , 12.2 , \<o.2 , 20.4- ( 24-.8 
i^ean d i f f e r e n c e corresponding to z increase of .05 • 4.3 
•z of 05 = t of 4 .3 » Mx of 8|.o x 1 ? 
= X of .770 
F » .105 mg 
Photograph 73. 
Vo-lue* of t 
12.(* , 18.8 , 22.4-, 27.5" 
iwean d i f f e r e n c e corresponding to z increase of .05 • 14.9/3 
2 of .05 m t of 4-97 ^ Mx of 83 7 x 4 J 7 
= x of . 9 3 0 
F • .070 mg 
4 7 . 
Photograph 74. 
V a l u e s of t 
2 0 . 0 2 S . 0 29.5 
fcean d i f f e r e n c e corresponding to z increase of .*.<5 * 9 .5/2 
a .05- = t oV .^75" = M x vf 84-S" K fog 
EE x cf 887 . 
F • .076 rag 
Photograph 75. 
Values of t 
S".7 , IS".9 , 25.0 
Very l i t t l e curva ture i s v i s i b l e on t h i s curve ; the 
deductions fror .i such sma l l d e f l e c t i o n s become on ly 
approximate . 
toean d i f f e r e n c e corresponding t o z increase of . 0 5 - l a . 3 
z of .05 K t of 9.4,5 = Mx of 8U.0 y ^ 
= x o-f I 82 
F • .0187 PIR 
TAbLfc V I . 
Photograph A p p l i e d Voltage Force / m & 
7 10.7 . l b o 
71 8.5 .133 
72 6 . 3 ,103 
73 4.2 .076 
74 4.2 .070 
75 2 . 1 .019 
CHAPTER I I I . 
RESULTS us ing PUKE toEKCURY. 
4o 
PORE fofcRCURY DROPS. 
This Gha. t e r deals e x c l u s i v e l y w i t h the 
r e s u l t s ob ta ined us ing pure mercury i n va r i ous s o l u t i o n s . 
Several s t reng ths of Su lphur ic A c i d were used, and 
f o l l o w i n g t h i s v a r i o u s concen t ra t ions o f s u l p h u r i c 
a c i d sa tu ra t ed w i t h merourous sulphate were thought o f 
s u f f i c i e n t i n t e r e s t to employ. Then other s o l u t i o n s , 
a l l o f c o n c e n t r a t i o n 0.001N were used. The charges 
i n these s o l u t i o n s are g i v e n i n the t ab les i n the 
f o l l o w i n g pases. For each s o l u t i o n the charge l a 
deduced f r o m a s t r a i g h t l i n e graph r e l a t i n g h o r l a o n t a l 
f o r o e and a p p l i e d v o l t a g e , the f o r c e be ing obta ined i n 
each ease f rom the corresponding photograph i n the 
manner descr ibed a t the c lose o f the previous chapter . 
P r i o r t o these r e s u l t s the cases i n which 
drops o f w i d e l y v a r y i n g r a d i i were used are s t a t e d , and 
the p r o p o r t i o n a l i t y between charge and drop r ad ius i s 
deduced. 
49. 
V a r i a t i o n of Char-Re 
w i t h Radius. 
. I N HQSC-^I s o l u t i o n 
See Tables IV and VI (previous c h a p t e r ) . 
Q.025N HgS'. 4 s o l u t i o n 
TABLE V I I . 
Fhotograph 
Number. 
4U 
49 
Drop 
Radius. 
•Oalcms 
•O&lcms 
A p p l i e d 
Vo l t age . 
2.7t>volts 
2 . 5 7 v o l t s 
rorce 
on Drop. 
.118 mg 
.094 mg 
51 . 0 7 0 C I 2 8 2 . 1 9 v o l t s .044 mg 
52 .070cms 2 . 7 7 v o l t s .131 mg 
53 .070 cms 2 . 5 3 v o l t s .092 mg 
55 
56 
.0945cms 
,u945cms 
2.23 v o l t s 
2.57 v o l t s 
.045 mg 
.091 mg 
50 
Those two sets o f r e s u l t s show t h a t the f o r c e on 
the drop Increases u n i f o r m l y w i t h the p o t e n t i a l which 
i s a p p l i e d between the p l a t e s . These r e s u l t s are most 
conven ien t ly expressed as graphs r e l a t i n g Force/mg 
and Vol tage . 
F igure 16 shows t h i s graph f o r O.oOlN 
s u l p h u r i c a c i d s o l u t i o n . 
The most i n t e r e s t i n g r e s u l t i n d i c a t e d by these 
graphs i s the f a c t t h a t , not on ly i s F/mg p r o p o r t i o n a l 
to V f o r drops o f any one s i z e , but the p o i n t s f o r 
d i f f e r e n t s i zed drops a l l come on the same s t r a i g h t 
l i n e . Thus i n a constant p o t e n t i a l g r ad i en t F/mg i s 
cons t an t , whatever the s ize of the d rop . Thus the 
f o r c e i n the p o t e n t i a l g r a d i e n t i s p r o p o r t i o n a l to the 
mass o f the d r o p . As the f o r c e i s on ly dependent on 
the drop charge and the p o t e n t i a l , t h i s means t h a t 
the drop charge i s p r o p o r t i o n a l to the a.aas o f the 
d rop , i . e . t o the cube of the r a d i u s . 
The s t r a i g h t l i n e s o f F/mg aga ins t V are good 
i n bo th cases, and as the two sets o f experiments were 
conducted i n ac id of w i d e l y d i f f e r e n t s t r e n g t h s , they 
provide ample c o n f i r m a t i o n o f each o t h e r , and seem to 
e s t a b l i s h beyond reasonable doubt the r e s u l t p r e v i o u s l y 
5 1 . 
f o u n d b y W a g e t a f f , v l z : -
The D r o p C h a r g e l a P r o p o r t i o n a l t o t h e 
Cube o f t h e K a d l u s . 
I n t h e f o l l o w i n g e x p e r i m e n t s , I n w h i c h s o l u t i o n s 
o f v a r i o u s o t h e r s t r e n g t h s w e r e u s e d , o n l y one s i z e d 
d r o p was u s e d i n one s o l u t i o n , a n d f r o n , t h e s l o p e s o f 
t h e g r a p h s r e l a t i n g r ' / m g a n d V t h e v a l u e s o f E/mg, a n d 
h e n c e E / a 3 , w e r e d e d u c e d , a n d a r e I n c l u d e d a f t e r t h e i r 
r e s p e c t i v e t a b l e s . T h e w h o l e o f t h e g r a p h s a r e n o t 
i n c l u d e d , F i g . 16 i s a t y p i c a l e x a m p l e . 
5 2 . 
C h a r g e v a r i a t i o n w i t h 
A c i d S t r e n g t h . 
Q.OOIM U„SQA s o l u t l o n . 
c. 4t 
See T a b l e s I V a n d V I . { p r e v i o u s c h a p t e r ) . 
» e a n V a l u e o f K / a ^ d e d u c e d - 0 . 1 6 x l->^ e . s . u . / c m 3 
0 . 0 0 3 N HqSCi a s o l u t i o n . 
TAbLE V I 1 1 . 
P h o t o g r a p h 
Number 
D r o p 
R a d i u s 
A p p l i e d 
V o l t a g e . 
l - 'orce on 
D r o p . 
100 ,06235cu i s 1 0 . 2 v . 4 1 Grog 
1 0 1 , 0 6235cms d . l v . 356mg 
108 r> c r> i c. ~ — — /-» t rr - -KJ • i t " V •» f \ 
103 .G6235cuiS 4 . 1 v . 154mg 
10 4 .G6235cms 2 . 1 v . 052mg 
105 , 0 6 2 3 5 c m s 
L 
5 . 3 v , 169mg 
toean V a l u e o f E / a s d e d u c e d • 0 . 4 2 7 x 1 0 e . a . u . / c w 3 
5 3 . 
0 . 0 1 N H g S 0 4 s o l u t i o n . 
TABLE I X . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s 
A p p l i e d 
V o l t a g e . 
- o r c e o n 
D r o p . 
77 • 0 6 2 0 cms 2 . 5 3 v . . 1 0 0 mg 
78 . 0 6 2 0 cms 2 . 1 8 v . . 0 5 1 mg 
79 • 0 6 2 0 cms 2 . 0 7 v . • 0 5 5 mg 
80 . 0 6 2 0 cms 1 .53 v . , 0 2 7 mg 
8 1 , 0 6 2 0 cms 4 . 2 0 v . . 2 9 1 mg 
j . e a n V a l u e o f E / a 5 d e d u c e d = u . 9 b x 1 0 7 e . s . u . / c m 3 
0 . 0 3 3 ft Hr>S0A s o l u t i o n . 
TAt;T.W X . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s 
A p p l i e d 
V o l t a g e . 
F o r c e o n 
D r o p . 
106 • 0 6 1 8 cms 4.0C. v . . 4 0 mg 
107 . 0 6 1 8 cms 2 . 7 9 v . , 1 6 7 m g 
108 . 0 6 1 8 cms 2 . 4 4 v . , 1 0 5 m g 
1 0 9 • 0 6 1 8 cms 2 . 0 0 v . , 0 5 0 m g 
friean V a l u e o f k / a 5 d e d u c e d = 1 . 6 8 x 10 e . s . u . / c m 3 
b 4 . 
.. . 1 5 N H ? S C 4 s o l u t i o n . 
T A n L E X I . 
P h o t o g r a p h 
Number 
D r o p 
R a d i u s 
A p p l i e d V o l t a q e . P o r c e 
o n D r o p 
8 2 , 0 6 2 6 cms 4 . 1 v . . 5 3 6 mg 
03 . 6 2 6 cms 2 . 6 0 v . . 1 6 1 mg 
65 . 0 6 2 6 cms 2 . 2 1 V . • 0 6 5 mg 
86 . 0 6 2 6 cms B«P1 v . . 0 3 6 mg 
87 . 0 6 2 6 cms 2 . 2 7 v . . 0 8 1 mg 
Mean V a l u e o f E / ' a 3 d e d u c e d - 2 . 2 5 x 1 0 7 e . s . u . / ^ a 
. 67 N HgSC^ s o l u t i o n . 
TABLE X I I . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
F o r c e 
o n d r o p . 
8 8 . 0 6 2 0 cms 4 , 0 v . . 5 4 7 mg 
89 • 0 6 2 0 cms 2 . 7 6 v . , 2 0 2 mg 
90 • 0 6 2 0 cms 2 . 4 7 v . . 1 5 1 mg 
9 1 • 0 6 2 0 cms 9 ?9 v . 1 0 5 mg 
92 . 0 6 2 0 cms 1 . 9 8 v . . 0 3 3 mg 
93 • 0 6 2 0 cms 2 . 0 9 v . . 0 5 3 mg 
k e a n V a l u e o f E/a* 5 d e d u c e d « 2 . 3 2 x 10 e . s . u . / m 3 
5 5 . 
.: . 10 a HgSv. 4 s o l u t i o n . 
TABLE X I I I . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
l o r c e o n 
D r o p . 
9 4 • 0 6 1 0 oms 3 . 9 5 v . . 7 3 0 mg 
95 • 0610 cms 2 . 0 2 v . • 0 3 6 mg 
97 • 0 6 1 u cms 2 . 6 2 v . • 2 1 6 mg 
98 •0610 cms 2 . 3 4 v . . 1 4 9 mg 
99 • 0 6 1 0 cms 2 . 2 1 v . . 1 ) 4 mg 
fcean V a l u e o f E / a 5 d e d u c e d ° 3 » o 3 x l o 7 e . s . u . / , . m a 
5 6 . 
V a r i a t i o n o f E / a 5 a n d E/mg 
w i t h C o n c e n t r a t i o n o f H9SO4 s o l u t i o n . 
TAbLE X I V . 
A c i d 
n o e n t r a t i o n . ' ttig 
0 . 0 0 1 1 0 . 1 6 H 1 0 7 0 . 3 1 X 1 0 2 
0 . 0 0 3 1 0 . 4 3 X 10? 0 . 8 3 X 1 0 2 
0 . 0 1 0 1 0 . 9 8 X l o 7 1 .90 X 10 2 
0 . 0 2 5 N 1 . 4 0 X 1 0 ? 2 . 7 2 X 10 2 
0 . 0 3 3 | 1 . 6 8 X 10 7 
_ n 
3 . 2 4 X 1 0 2 
. 0 
I £ . cCt Aw 1 4.«» X 
0 . 0 6 7 ft 2 . 3 2 X 10? 4 . 4 b X 1 0 2 
0 . 1 0 0 ft 3 . 0 3 X 10 7 5 . 8 9 X 1 0 2 
The a b o v e s e t o f r e s u l t s i s a l s o g i v e n i n g r a p h 
f o r m i n P i g : 1 7 . 
The c h a r g e i n c r e a s e s w i t h c o n c e n t r a t i o n o f a c i d 
b u t n o t i n d i r e c t p r o p o r t i o n . The p o t e n t i a l , a n d 
hence t h e c h a r g e , o n t h e d r o p i s u s u a l l y h e l d t o b e 
due t o t h e m e r c u r y I o n s w h i c h h a v e a l r e a d y come i n t o 
t h e s o l u t i o n f r o m t h e d r o p . A s t h e f o l l o w i n g 
e x p e r i m e n t s u s i n g a c i d s a t u r a t e d w i t h m e r c u r o u s 
s u l p h a t e , seem t o t h r o w some d o u b t o n t h i s , i t w > u l d 
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seem d e s i r a b l e t o d e f e r d i s c u s s i o n o f t h e f o r m o f 
t h i s c u r v e u n t i l a f t e r t h e i n c l u s i o n o f t h e s e l a t t e r 
r e s u l t s . 
The s a t u r a t e d s o l u t i o n s o f m e r c u r o u s s u l p h a t e 
I n t h e v a r i o u s s t r e n g t h s o f a c i d u s e d w e r e p r e p a r e d 
b y s h a k i n g t h e a c i d w i t h a g e n e r o u s e x c e s s o f p o w d e r e d 
r r i e r c u r o u s s u l p h a t e . The p r o c e s s o f s o l u t i o n was 
e x t e n d e d o v e r s e v e r a l w e e k s so t h a t c o m p l e t e s a t u r a t i o n 
was made c e r t a i n . The e x c e s s o f m e r c u r o u s s u l p h a t e 
was t h e n r e m o v e d b y f i l t r a t i o n and t h e r e s u l t i n g c l e a r -
s o l u t i o n was u s e d i n t h e a p p a r a t u s . 
The s o l u b i l i t y o f m e r c u r o u s s u l u h a t e i n a c i d I s 
v e r y s m a l l , a n d d o e s n o t v a r y a g r e a t d e a l w i t h a c i d 
s t r e n g t h . 
5 6 . 
A C I D SATURATED WITH friLRCURQUS SULPHATE. 
. 1 tipb-JA. a o l u t i o n ( s a t u r a t e d w i t h i igpSQa) . 
TABLE X V . 
P h o t o g r a p h 
Number• 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
F o r c e on 
D r o p . 
1 3 1 • 0 5 7 1 oms 1 1 . 7 v . . 0 9 3 0 mg 
132 # 0 5 7 1 cms 1 1 . 7 v . • 0 9 3 7 mg 
133 . 5 7 1 cms 6 . 1 v . . 0 5 6 0 mg 
134 • 0 5 7 1 cms 4 . 0 v . • 0 4 5 mg 
135 . 0 5 7 1 cms 2 . 1 V . . 0 1 4 mg 
Mean V a l u e o f E / a 3 d e d u c e d - . 0 7 6 2 x 1 0 7 e . a . u . / c m s 
.00 5 g H p S 0 4 s o l u t i o n ( s a t u r a t e d w i t h H g P S o 4 ) . 
T A ^ L L X V I . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
F o r c e o n 
D r o p • 
1 1 4 . 0 5 6 cms 8 . 6 5 v . • 1 4 3 mg 
115 • 0 5 6 cms 8 . 0 0 v . . 1 3 3 mg 
117 • 0 5 6 cms 5 . 8 0 v . . 0 9 4 5 mg 
118 . 0 5 6 cms 4 . 3 L V . • 0 69 mg 
119 • 0 5 6 cms 2 . 2 0 v . . 1 9 mg 
L e a n V a l u e o f E / a d e d u c e d a , 2 0 2 x l o " e . s . u . / C m 3 
59 
. 0 3 0 | HgSC A s o l u t i o n ( s a t u r a t e d w i t h H g g S 0 4 ) . 
TABLE X V I I . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d l ' s . 
A p p l i e d 
V o l t a g e . 
f o r c e o n 
D r o p . 
127 . 0 5 8 7 cms 4 . 1 0 v . . 1 9 mg 
126 . 0 5 8 7 cms 6 . 0 5 v . . 4 1 mg 
129 . 0 5 8 7 cms 2 . 9 0 v . . 0 7 5 mg 
130 • 0 5 8 7 cms 2 . 1 0 v . • 0 3 mg 
iwean V a l u e o f E / a ^ d e d u c e d = . 9 6 6 x 10 e . s . u . / c m " 3 
. 1 0 N HgSQ^ s o l u t i o n ( s a t u r a t e d w i t i i H g g S Q j j 
TA^-LK X V I I i . 
P h o t o g r a p h D r o p 
T3 _ A * 
* t « v - 4 4 u a . 
A p p l i e d F o r c e o n 
I ; r op« 
120 . , 5 7 6 cms 4 . 2 0 v . . 49 mg 
1 2 1 . 0 5 7 6 CQiS 2 . 7 4 v . . 1 8 mg 
1 2 2 . 0 5 7 6 cms 2 . 5 6 v . . 1 3 2 mg 
123 . 0 5 7 6 cms 2 . 4 5 v . . 0 9 9 mg 
124 . 0 5 7 6 C1..S 2 . 9 2 v . . 1 9 3 mg 
125 . 0 5 7 6 cms 2 . 0 0 v . , 0 5 mg 
fcean V a l u e o f E / a ° d e d u c e d « 2 . 2 0 x 10 e . s . u . / c m ' 3 
• o , 
h e i a t i o n b e t w e e n C h a r g e s i n 
P u r e S u l p h u r i c A c i d s o l u t i o n 
a n d C h a r g e s i n A c i d s a t u r a t e d 
w i t h fcerourou's S u l p h a t e . 
TAbLE X I X . 
A c i d 
C o n c e n t r a t i o n , 
L/'efi i n 
F r e s h A c i d . 
E / a 3 i n 
S a t u r a t e d 
A c i d . 
K a t i o . 
. 0 0 1 N 
. 0 0 5 | 
. 0 3 0 N 
. i n N 
. 1 6 x 1 0 7 
. 6 0 x 1 0 7 
1 . 6 6 x 1 0 ' 
. 3 . 02 % I " 7 
. 0 7 6 x 1 0 7 
. 2 0 2 x 1 0 7 
. 9 7 x 1 0 7 
0 on -v i r»7 
2 . 1 1 
2 . 9 8 
1 , 7 1 
ml mm • mm*—wm*w 
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T h e s e r e s u l t s i n a c i d s a t u r a t e d w i t i i r o e r c u r o u s 
s u l p h a t e show v e r y c l e a r l y t h a t t h e e f f e c t o f t h e 
m e r c u r o u s s u l p h a t e i s , i n e v e r y o a s e , t o r e d u c e t h e 
v a l u e o f t h e c h a r g e . Many o f t h e t h e o r i e s o f t h e 
m e c h a n i s m o f f o r m a t i o n o f c h a r g e o n t h e s e d r o p s ( s e e 
i n t r o d u c t i o n ) a t t r i b u t e i t t o t h e r e t u r n o f d i s s o l v e d 
m e r o u r o u s i o n s I n t o t h e d r o p . A c c o r d i n g t o t h i s 
t h e o r y t h e d r o p s w i l l a t t a i n h i g h e r c h a r g e s t h e h i g h e r 
t h e c o n c e n t r a t i o n o f m e r c u r o u s i o n s i n t h e s o l u t i o n 
s u r r o u n d i n g t h e m . Now a d r o p o f m e r c u r y f a l l i n g i n 
a c i d a t t a i n s i t s c h a r g e f r o m t h o s e m e r c u r o u s i o n s 
d i e a o l v i i i f t , ux u ix-ue idy p r e s e n t , i n t h e s o l u t i o n . I n 
s o l u t i o n s s a t u r a t e d w i t h m e r c u r o u s s u l p h a t e t h e maximum 
p o s s i b l e c o n c e n t r a t i o n o f t h e s e i o n s i s p r e s e n t , w h i l e 
I n f r e s h a c i d o n l y a s m a l l f r a c t i o n o f t h e s a t u r a t i o n 
w i l l d i s s o l v e , a n d go t o f o r w t h e c h a r g e o n t h e d r o p . 
I t f o l l o w s t h a t t h e d r o p c h a r g e s s h o u l d be g r e a t e r i n 
a c i d s o l u t i o n s s a t u r a t e d w i t h m e r o u r o u s s u l p h a t e t h a n 
t h e y a r e i n t h e f r e s h a c i d s o l u t i o n s o f t h e same 
s t r e n g t h . E x p e r i m e n t a l l y i t was f o u n d t h a t e x a c t l y 
t h e r e v e r s e t a k e s p l a c e . On t h e r x r e u r o u s i o n t h e o r y 
t h e c h a r g e c o u l d n e v e r be g r e a t e r , i n a c e r t a i n a c i d 
s t r e n g t h , t h a n i t s v a l u e w h e n t h a t a c i d i s s a t u r a t e d 
w i t h t n e r c u r o u s s u l p h a t e , w h e r e a s a c t u a l l y t h e c h a r g e 
6 2 . 
i s o b s e r v e d t o be g r e a t e r I n p u r e a c i d . I t seems 
h i g h l y i m p r o b a b l e , t h e r e f o r e , t h a t t h e m e r c u r o u s i o n s 
a r e r e s p o n s i b l e f o r t h e c h a r g e . 
A f t e r m e r c u r o u s i o n s , t h e r e can o n l y be h y d r o g e n 
ion3 r e s p o n s i b l e f o r p o s i t i v e c h a r g e s i n t h e s e s o l u t i o n s . 
A s s u m i n g t h a t t h e h y d r o g e n i o n s c a u s e t h e c h a r g e o n 
t h e d r o p , t h e n a p o s s i b l e e x p l a n a t i o n o f t h e r e d u c t i o n 
o f t h i s c h a r g e b y s a t u r a t i o n o f t h e a c i d w i t h m e r c u r j u s 
s u l p h a t e becomes e v i d e n t . The a d d i t i o n o f more s u l -
p h a t e i o n s t o t h e a c i d w i l l s u p p r e s s t h e i o n i s a t i o n o f 
t h e l a t t e r , so t h a t f e w e r h y d r o g e n i o n s w i l l be 
• v » l i a b l e , e n d t -h* r»hfirtrfl r>.m»T»fisr>ondlni2lv l e s s . The 
m e r o u r o u s s u l p h a t e s a t u r a t e d a c i d i s e q u i v a l e n t , i n 
n y d r o g e n i o n c o n c e n t r a t i o n , t o a l e s a c o n c e n t r a t e d 
s o l u t i o n o f p u r e a c i d , a n d g i v e s a c h a r g e c o r r e s p o n d i n g 
t o t h i s l a t t e r a c i d s t r e n g t h - t h i s c h a r g e b e i n g l e s s . 
I n l e s s c o n c e n t r a t e d a c i d s o l u t i o n s t h e a m o u n t o f 
s u l p h a t e I o n a d d e d I s g r e a t e r i n r e l a t i o n t o t h a t 
a l r e a d y p r e s e n t ( f r o m t h e a c i d ) a n d t h e s u p p r e s s i o n o f 
t h e i o n i s a t i o n w i l l be c o m p a r a t i v e l y g r e a t e r . The 
n u m b e r o f f r e e h . , d r o g e n I o n s w i l l t h u s b e d i m i n i s h e d b y 
a g r e a t e r p r o p o r t i o n so t h a t t h e r a t i o C h a r g e i n p u r e a c i d 
Charge I n a c i d HggSO 
w i l l i n c r e a s e as t h e a c i d s t r e n g t h d i m i n i s h e s . T h i s 
i s p r e c i s e l y w h a t was f o u n d I n t h e p r e c e d i n g e x p e r i m e n t s . 
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A t t h e h i g h e r c o n c e n t r a t i o n s t h e a m o u n t o f 
a d d l t i n a l s u l p h a t e I o n , l i m i t e d b y t h e s o l u b i l i t y 
o f m e r c u r o u s s u l p h a t e , i s s m a l l o o m p a r e d w i t h t h a t 
p r e s e n t i n t h e a c i d , so t h a t v e r y l i t t l e e f f e c t o n 
t h e c h a r g e i s n o t i c e d . A t t h e l o w e r c o n c e n t r a t i o n s 
t h e s u l p h a t e i o n c o n c e n t r a t i o n i s a l t e r e d c o n s i d e r a b l y 
b y s a t u r a t i o n w i t h m e r c u r o u s s u l p h a t e , ao t h a t r e d u c -
t i o n s i n t h e c h a r g e o f more t h a n 5G> were r e c o r d e d . 
6 4 . 
SOLUTIONS OTHER THAN H g S p 4 . 
. u u 1 Zn S o 4 s o l u t i o n 
TAoLE X X . 
P h o t o g r a p h 
Number . 
Or o p 
R a d i u s . 
A p p l i e d 
V o l t a g e , 
F o r c e o n 
D r o p . 
200 . 0 5 7 1 cms 4 . 2 v . . 0 3 4 mg 
2 0 1 • o 5 7 1 cms d . 4 v . . 0 7 4 mg 
202 . ' 5 7 1 cms 1 2 . 4 v . . 1 0 2 mg 
2 0 3 . 0 5 7 1 cms 1 6 . 9 v . . 1 2 2 mg 
20 4 . 5 7 1 cms 2 1 . 4 v . . 1 7 5 mg 
2 0 5 , 0 5 7 1 cms 8 . 4 v . . 0 6 2 mg 
„ _ _ , . -<7 , j 
mean v a l u e o r e> d e a u c e u • » u o x a xu u e . s . u . 
. 0 0 1 H i t e , ,S0^ s o l u t i o n . 
T A i j L E X X I . 
P h o t o g r a p h D r o p R a d i u s A p p l i e d F o r c e o n 
N u m b e r . V o l t a g e . o r o p . 
243 . 0 6 5 0 cms 1 7 . 2 v . . l Y t t m g . 
2 4 4 , 0 650 cms 1 7 , 2 v . . 1 6 4 m g . 
Mean V a l u e o f E d e d u c e d • . 0 9 3 x 1 0 ' a*5 e . a . u . /Qttf 
6 b . 
' 1 N ; V : s o l u t i o n . 
TAFLK X X I I . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
Apr. l i e d 
V o l t a g e 
F o r c e o n 
D r o p . 
206 . 0 5 8 5 cms 4 . 2 v . • 0 5 1 mg 
207 . 0 5 8 5 cms 8 . 4 v . . 1 1 1 mg 
2 0 8 . u 5 8 5 cms 1 2 . 2 v . . 1 4 1 mg 
209 ,05t>5 cms 1 6 . 7 v . . 2 1 0 mg 
210 , 0 5 d 5 cms 2 1 . 2 v . , 2 3 6 wm 
Mean V a l u e o f E d e d u c e d s . 1 1 6 x 10 ^  a 5 e . s . u . 
. 0 0 1 g Hg.NOa I n ,0CO N MO* s o l u t i o n . 
TAJLE X X I I I . 
P h o t o g r a p h 
Number . 
D r o p 
R a d i u s 
A p p l i e d 
V o l t a g e . 
F o r c e o n 
D r o p . 
222 , 0 6 1 cms 8 . 2 V . . 2 1 2 mg 
223 , 0 6 1 cms 6 . 2 v . . 1 4 6 mg 
2 2 4 •0 6 1 cms 4 . 2 v . . 0 8 7 mg 
fcean V a l u e o f E d e d u c e d » . 2 9 8 x 107 a3 e . s . u . 
. 0 0 1 N Naoh s o l u t i o n . 
TiL L L X X I V . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e , 
F o r c e o n 
P r o p . 
225 . 0 6 7 4 cms 1 7 . 4 v. . 1 8 2 m§ 
226 . 0 6 7 4 cina 11 . 2 v . . 1 2 3 ing 
227 . 0 6 7 4 cms 6 . 2 v . . 0 7 1 mg 
k e a n V a l u e o f g d e d u c e a » . 1 0 5 x 1 0 7 a^' e . s . u . 1+*$* 
. 1 N Pb( N Q 3 ) o a c l u t l o n . 
TAiildS X X V . 
P h o t o g r u p h D r o p A p p l i e d 
Number , R a d i u s V o l t a g e . 
228 , 0 6 6 1 ems 1 7 . 6 v . 
229 , 0 6 6 1 cms 1 1 . 7 v . 
230 • U t i b i cms 6 . D v . 
. o r c e o n 
D r o p , 
. 1 6 3 mg 
. 1 1 6 mg 
. 0 7 rog 
k e a n V a l u e o f E d e d u c e d = . 0 9 5 x 1 0 7 a 3 e . s . u . / e m ' 
, 0 0 1 N b a ( N 0 5 ) g s o l u t i o n , 
T A B L E X X V I . 
Pho t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
F o r c e o n 
D r o p . 
2 3 1 . 0 6 5 9 ens 1 7 . 3 v . , 1 5 6 mg 
232 , 0 6 5 o cms 1 1 . 3 v. , 0 9 5 mg 
233 , 0 6 5 o cms 6 . 3 v. , 0 3 b mg 
j t e a n V a l u e o f E d e d u c e d - , 0 9 5 x l u 7 efi e . s . u , - / ^ i * 
67 
, 0 0 1 ..rUNU^)^ s o l u t i o n . 
TABLE XXVI I . 
Photograph Drop Applied orce on 
Number. Radius. voltage. Drop. 
234 •0650 cms 17.2 v. .142 mg 
235 •0650 cms 11.2 v. •090 mg 
236 •Q650 cms 6 . 2 v. • 041 mg 
i>.ean Value of i& deduced _ • _ »0dl x 1Q'T a 5 e.s.u. 
,0 . 1 r.Ii s o l u t i o n . 
TAbLE X X V I I I . 
Photograph 
dumber. 
Drop 
Radius• 
Applied 
Voltage. 
j orce on 
Drop. 
237 .0642 cms 17.2 v. .271 mg 
23o •0642 cms 11.2 v. »lo3 mg 
239 .0642 cms 6.2 v. .072 mg 
i..eau Value of E deduced * .163 x 10' a v'e.s.u. 
001 NaCl s o l u t i o n . 
XXIX. 
Photograph 
ftumbe r . 
Drop 
Radius. 
Apnlied 
Voltage. 
Force on 
1 Top. 
240 . . .662 cms 6 . 2 v. . 0 6 6 mg 
241 . 0 6 6 2 cms 1 1 . 2 v. . 1 0 6 mg 
242 . 0 6 6 2 cms 1 7 . 2 v. .145 mg 
Mean Value of E deduced - . 0 9 4 x 10' a s e.s.u. 
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Charges I n Various S o l u t i o n s . 
of the same Oonoentratlon• 
TABLE XXX. 
S o l u t i o n . 
.001 a HNO* 
.001 N HgS0 4 
•001 • NaCl 
.001 N i*a g S 0 4 
.001 I NaOH 
1 K 7.nRO 
.0(1 N Zn{mz)2 
•001 I P b ( N 0 3 ) g 
. 0 C 1 I A l g ( S 0 4 ) 3 
7 3 .153 x 10 a 
• MO x l o 7 a 3 
.094 x l o 7 a 3 
7 ^ . 9 3 x 1 a 
.106 x 10 7 a 3 
7 3 
,081 X 10 o 
.081 x 1 0 7 a 3 
• i 
»*J C/*J A i v i ft 
.095 x 1 0 7 a 3 
.116 x 1 0 7 a 3 
CHAPTER IV. 
U' ,-rIRfc.ATORY KfcSULTS. 
I • J 1 
6 9 . 
Galvanometer D e f l e c t l o i ns 
The charges obtained by the previous method 
were of s u f f i c i e n t magnitude to give measureable 
d e f l e c t i o n s on a s e n s i t i v e b a l l i s t i c galvanometer. 
SoM l i t »«s spent examining the p o s s i b i l i t i e s of t h i s 
method of measurement of the drop charges, with a view 
to obtaining u s e f u l confirmation of the r e s u l t s f u r n -
ished by the o r i g i n a l method. 
The main d i f f i c u l t y i n a method such as t h i s i s 
to ensure that no a d d i t i o n a l e f f e c t , other than the 
d e f l e c t i o n . Also, the whole of the drop charge must 
pass instantaneously, so that the c o r r e c t b a l l i s t i c 
d e f l e c t i o n i s r e g i s t e r e d . 
I n the f i r s t experiments of t h i s type, a simple 
g l a s s c e l l was used. T h i s c o n s i s t e d of a v e r t i c a l 
tube down which the drops of mercury f e l l , the drops 
forming beneath the s u r f a c e of the a c i d . Connections 
were made to the mercury i n the dropper, and al s o to 
the lower mercury which c o l l e c t e d a t the baee of the 
c e l l , by means of copper wires dipping i n t o f i n e 
c a p i l l a r y tubes containing mercury, and having platinum 
wires s e a l e d through t h e i r c l o s e d ends. I n t h i s way 
70 
only the mercury w i t h i n the c a p i l l a r y tubes was i n 
contaot w i t h the copper, and r i s k of contamination of 
the mercury i n use was avoided. I t was found l a t e r 
t h a t the c u r r e n t s e t up between the dropping and 
s t a t i o n a r y mercury e l e c t r o d e s was made up of two p a r t s . 
Each time a drop f a l l s a new mercury s u r f a c e i s exposed 
to the l i q u i d , a m the n a t u r a l p o t e n t i a l of mercury i n 
•Solution 
the A grows r a p i d l y on I t . The lower mercury was con-
I 19} 
t i n u a l l y at t h i s p o t e n t i a l . B e r n s t e i n ' ' found t h a t 
the r a t e of growth of p o t e n t i a l on the new surface was 
such t h a t i t reached 64 y> of i t s f i n a l value i n .01b 
se e s . Thus each time a drop f e l l there was a p o t e n t i a l 
d i f f e r e n c e , diminishing a t t h i s r a t e , between the two 
e l e c t r o d e s , and a corresponding c u r r e n t flowed through 
the outside o l r c u i t . I n a d d i t i o n to t h i s c u r r e n t , the 
charged drop f e l l down into the lower mercury and gave 
up i t s charge, which flowed round the c i r c u i t a l s o . 
The e x i s t e n c e of these two components of the r e s u l t a n t 
c u r r e n t , was shown b e s t when the drops ran a t a slow 
r a t e and a dead-beat galvanometer was included across 
the e l e c t r o d e s . The d e f l e c t i o n s of the l a t t e r were 
r e g i s t e r e d by means of a moving-plate camera. As the 
drop grew the spot moved suddenly a t f i r s t and then 
approached a l i m i t i n g p o s i t i o n . As the drop f e l l o f f 
the dropper the spot f e l l back suddenly, and as the new 
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drop began to grow the d e f l e c t i o n mounted up again, 
but was i n t e r r u p t e d i n i t s growth when the previous 
drop entered the lower mercury, and i t s charge passed 
round the c i r c u i t . I t thus became obvious t h a t , I f the 
ciiarge were to be obtained from d e f l e c t i o n s due to 
s i n g l e drops, the two e f f e c t s must be separated, p r e f -
e r a b l y by e l i m i n a t i o n of the new su r f a c e e f f e c t 
a l i o g e t h e r . Experiments i n which i t was sought to 
obtain the charges from a constant d e f l e c t i o n , obtained 
when the drops followed each other i n quick s u c c e s s i o n , 
were found to be n e i t h e r c o n s i s t e n t nor repeatable, 
could be used ( i . e . the maximum speed a t which the 
i n d i v i d u a l drops could be counted) was not s u f f i c i e n t 
to prevent the tendency to r e t u r n to zero between 
impulses. 
Accordingly, a new apparatus was designed, i n 
which the c u r r e n t due to the exposure of the new 
surface a t the dropper was eliminated, and that due 
to the drop charge s t u d i e d alone. This n e c e s s i t a t e d 
the i n t r oduction of • t h i r d mercury e l e c t r o d e I n 
contact with the s o l u t i o n , but f r e e from the e f f e c t 
of drops en t e r i n g i t . The design of the apparatus 
f i n a l l y used i s shown i n f i g . 7. The drops f e l l from 
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the t i p the dropper down the wide tube i n to the 
s t a t i o n a r y mercury below. The column of a c i d i n the 
tube was balanced by the mercury i n a U-tube, and as 
drops entered the mercury they d i s p l a c e d an equal 
amount of mercury from a j e t a t the end of the U-tube, 
I n a manner s i m i l a r to that d e s c r i b e d under weighing 
of drops I n Chapter I . The wide tube had a 'J-tube 
s e a l e d I n a t a l e v e l higher than the mercury s u r f a c e 
and t h i s tube contained the new mercury e l e c t r o d e . 
Tubes f o r al l o w i n g the a c i d to c i r c u l a t e were a l s o 
s u p plied. The a c i d entered a t a l e v e l J u s t above the 
inercurv surface into which the (Irons f e l l , and l e f t 
the v e s s e l by a tube J u s t above the mercury s u r f a c e 
i n the side U-tube. The flow of a c i d prevented the 
formation of mercurous sulphate at these s u r f a c e s , or 
r a t h e r c a r r i e d away any sulphate t h a t was formed. 
Thus the charge was not too low by reason of i t s being 
measured i n a c i d c o n t a i n i n g mercurous sulphate r a t h e r 
than i n pure a c i d . That a c i d c o n t a i n i n g mercurous 
sulphate d i s s o l v e d I n i t g i v e s a lower charge than pure 
a c i d i s shown and explained i n the previous chapter. 
I n one of the t r i a l p i e c e s of apparatus, i n 
which there was no flow of a d d , the d e f l e c t i o n s were 
observed when the dropper and the lower mercury were 
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connected, and were found to diminish with length of 
time of dropping. I f the drops were l e f t f a l l i n g 
overnight the d e f l e c t i o n s were found to be reduced to 
a f r a c t i o n of t h e i r o r i g i n a l v a l u e s . As the charge 
i s flowing from the drops i t i s r e p l a c e d by ions from 
the s o l u t i o n , so that we may expect a weakening of these 
ions i n the s o l u t i o n around the dropper, and the charge 
I n the weaker s o l u t i o n w i l l be l e s s . There w i l l a l s o 
be a supply of Ions from the s t a t i o n a r y mercury s u r f a c e 
s i n c e the c u r r e n t i s continuous. The decrease of the 
charge i s probably due to t h i s e f f e c t and a l s o the 
production of mercurous sulohate i n the s o l u t i o n . I f 
the charges are to be measured i n a p a r t i c u l a r s t r e n g t h 
of pure a c i d c o n t i n u a l supply of f r e s h a c i d I s a 
n e c e s s i t y , and i t I s also p r e f e r a b l e that i t should 
be supplied as near as p o s s i b l e to the s u r f a c e of the 
mercury. I n th case where the charges were to be 
measured as they combined with the lower mercury, the 
other electrode being the s t a t i o n a r y undisturbed 
mercury, i t seemed a d v i s a b l e to have the a c i d e ntering 
J u s t above the former mercury s u r f a c e , hence the design 
of the new apparatus. I t was found that the d e f l e c -
t i o n s , although not always constant, now maintained 
a f i x e d average value. 
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The galvanometer was c a l i b r a t e d by means of an 
a d d i t i o n a l c i r c u i t , i n which a condenser of s u i t a b l e 
c a p a c i t y was charged by a p p l i c a t i o n of 2 v o l t s , and 
then discharged through the galvanometer. To make 
t h i s discharge take place I n c o n d i t i o n s s i m i l a r to 
those of discharge of the drop, the condenser was d i s -
charged through the galvanometer v i a the v e s s e l , which 
was included i n the c i r c u i t . The drops were cut o f f 
when c a l i b r a t i o n d e f l e c t i o n s were being observed. For 
the drop d e f l e c t i o n s iley K was kept c l o s e d . The gal 
vanometer was s h o r t - c i r c u i t e d u n t i l in , e d i a t e l y before 
the drop to be measured entered the lower mercury, so 
that the charges due to previous drops had a l l flowed 
away, so t h a t the d e f l e c t i o n corresponded to the 
e f f e c t of the one drop only. I n s p i t e of these pre-
cautions, the method s u f f e r e d from the disadvantage 
that the galvanometer wandered s l i g h t l y from i t s zero 
p o s i t i o n during the short I n t e r v a l between the removal 
of the s h o r t and the recording of the d e f l e c t i o n . 
Also, when coalescence was not quite instantaneous, a 
s l i g h t d e f l e c t i o n ( u s u a l l y i n the opposite d i r e c t i o n 
to the true d e f l e c t i o n ) was f^Iven on impact and the 
galvanometer had no time to r e t u r n to r e s t before the 
a c t u a l d e f l e c t i o n on c o a l e s c e n c e . The wandering from 
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zero and d e f l e c t i o n on impact were, i n mos t cases, 
s n a i l compared with the d e f l e c t i o n on coalescence, so 
that the l a t t e r was s t i l l of the same order of magnitude 
as I t would have been under i d e a l c o n d i t i o n s . 
S e v e r a l d e f l e c t i o n s were ta;cen i n each case, 
and the l i m i t s were observed. The l a r g e s t d e f l e c t i o n 
took place when the coalescence was the n e a r e s t to 
instantaneous, i . e . the s l i g h t k i c k i n the opposite 
d i r e c t i o n was the s m a l l e s t , and hence the l a r g e s t 
d e f l e c t i o n s are l i k e l y to give the b e s t values to the 
drop charges. 
Seth. Anand and Mahaian^ 2 0^ performed some 
experiments I n which the delay of coalescence when 
drops of v a r i o u s l i q u i d s were allowed to f a l l upon ft 
s u r f a c e of the same l i q u i d , and found t h a t the time of 
delay depended on the height from which the drop f e l l , 
there being a c e r t a i n range of heights g i v i n g no delay, 
i . e . immediate coalescence. Presumably, a change I n 
height of the dropper meant a change i n v e l o c i t y of 
impact i n these experiments. I t was u n f o r t u n a t e l y 
impossible to a l t e r the v e l o c i t y of impact i n the 
present experiments, as the drops, a l r e a d y f a l l i n g i n 
a c i d , had reached t h e i r terminal v e l o c i t y i n every 
case. Some experiments were performed, however, I n 
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which other f a c t o r s were a l t e r e d . S e v e r a l pieces of 
ar a r a t u s were made, a l l s i m i l a r to that already 
de s c r i b e d except that g l a s s tubes of d i f f e r e n t diameters 
were employed f o r the c o n s t r u c t i o n of the main v e r t i c a l 
tube. V«hen mercury was introduced into these the 
shaped of the m e n i s c i ! int o which the drops f e l l v a r i e d 
from almost an i n v e r t e d hemisphere i n the narrowest tube, 
to a broad f l a t s u r f a c e i n the widest. Coalescence 
was found to be I n c r e a s i n g l y good with the use of a 
narrower tube, I . e . a n o n - f l a t meniscus. Coalescence 
also Improved i n the weaker concentrations of a c i d . 
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a l l taken i n the v e s s e l having the narrowest v e r t i c a l 
tube . 
IB a l l except the s t r o n g e s t a c i d concentrations 
used i t was found p o s s i b l e to obtain p e r f e c t c o a l -
escence by having the drops s t r i k i n g the exact centre 
of the narrow meniscus. Small drops could be made to 
coalesce almost Instantaneously even i n the most con-
ce n t r a t e d a c i d used. With l a r g e drops, however, a 
considerable delay took place except I n weak a c i d . 
I f an examination i s made of the r e s u l t s shown I n the 
Table on the fol l o w i n g page i t w i l l be seen t h a t the 
charges deduced by t h i s method agree w i t h the p r e v i o u s l y 
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ii e a u l t s f o r K/a u by Galvanometer 
r e f l e c t i o n i < thod. 
T A D L L X X X I . 
A c i d 
Concentration. 
Large 
or 
Small 
Urops 
L or S 
L i m i t s of 
by 
Galvanometer 
( x 10-7) 
f f / a 3 v. v 
the 
o r i g i n a l 
( X 10-7 
.Owl N L .145 to .175 .16 
.003 | S .40 to .46 .42 
L .44 to .47 .42 
.010 | L .67 to .7t> .9tf 
S ,ci9 to .96 .98 
S •86 to .94 .98 
. 0 33 1 3 1 i 56 to 1 * 6 1,6^ 
Q 
m 1.20 to 1.6 1.68 
L lesr. than »8 1.68 
.10 1 S 2.52 to 3.0 4 3.02 
S 2.69 to 2.89 3.02 
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determined values i n a l l cases where coalescence was 
good. The l e t t e r s L and S i n column two i n d i c a t e 
large and s m a l l drops r e s p e c t i v e l y . Serious d i f f e r e n c e 
between charges obtained by the two methods only 
occurs i n oases where l a r g e drops were used i n the 
higher concentrations of a c i d , the very c a s e s i n which 
ooalescetice was n o t s a t i s f a c t o r y . I n these cases the 
charge deduced by the galvanometer method i s too s m a l l , 
the e f f e c t of delay i n coalescence being to reduce 
the d e f l e c t i o n s . 
The agreement between the two methods i s i n most 
Cfl^e« OUlt.fi r r n n r t . Th** 1 an\t (\f m rrT»«Am«rif 1 n nnm ny» 
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two cases i s e a s i l y explained. ^ence while t h i s method 
i s n o t s u f f i c i e n t l y a c curate as a method of determina-
t i o n o f drop charge i n I t s e l f , owing to the coalescence 
d i f f i c u l t y . I t seems to a f f o r d ample confirmation of 
the r e s u l t s obtained by the former, more acc u r a t e , 
me thod. 
CilAPTER V. 
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Zlno Amalgams. 
Pure Zinc was added to pure mercury i n such a 
quantity that provided both were t o t a l l y mixed the 
r e s u l t i n g amalgam would co n t a i n about 2^ by weight of 
Z i n c . The two metals were placed i n a l i g h t l y 
stoppered f l a s k and heated together i n a water-bath. 
The f l a s k was p e r i o d i c a l l y removed and w e l l shaken. 
T h i s process was continued f o r ten or twelve days when 
the whole mass seemed to be of even c o n s t i t u t i o n , 
except for the scum which had formed on the s u r f a c e . 
As i t was u n c e r t a i n what amount of the Zinc was con-
tained i n the scum i t was not s u f f i c i e n t l y a c c u r a t e to 
take the o r i g i n a l weights of Zinc and kercury i n order 
to c a l c u l a t e the percentage composition of the amalgam* 
I n s t e a d , a known qu a n t i t y of the amalgam was drawn o f f 
from below, and analysed f o r Z i n c . The sample drawn 
of f was b o i l e d w i t h normal s u l p h u r i c a c i d s o l u t i o n f o r 
s e v e r a l days. Passage of HgS gas through the a c i d 
l i q u i d gave no p r e c i p i t a t e showing that none of the 
Mercury had been a f f e c t e d by the a c i d , which had there-
fore d i s s o l v e d the Zinc alone. The tiercury remaining 
was t h a t which had been present i n the o r i g i n a l amalgam. 
Th i s mercury was c a r e f u l l y washed and a f t e r p i p e t t i n g 
o f f the excess water the l a s t t r a c e s were removed by 
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t h o r o u g h d r y i n g i n a d e s s i e a t o r . Weighing o f t h i s 
mercury gave a d e t e r m i n a t i o n o f the e x a c t c o m p o s i t i o n 
of the amalgam whic h was c a l l e d Amalgam A. T h i s 
amalgam was used as t h e basic amalgam, o t h e r s b e i n g 
made when r e q u i r e d , by d i l u t i o n w i t h mercury. 
Experiment? were performer 5 i n which drops o f 
amalgam were s u b s t i t u t e d f o r pur's mercury d r o p s , and 
photographs o f the d e f l e c t i o n s s u f f e r e d by these d r o p s , 
when h o r i z o n t a l f i e l d s were a p p l i e d , i n p r e c i s e l y t h e 
same manner as t h e pure mercury photogruphs were 
o b t a i n e d . These experiments were r e s t r i c t e d t o 
.001 N HcSO^i and .001 N Na Q30| s o l u t i o n s o n l y . I n 
most cases two photographs were taken w i t h the a p p l i e d 
v o l t a g e about t h e sane i n each case, one ph o t o g r a p h 
bein,T used as a chec : on the o t h e r . From each photo-
graph the f o r c e on t h e drop was d e t e r m i n e d i n t h e u s u a l 
way, and from I t a value f o r the charge on the drop 
under those p a r t i c u l a r c i r c u m s t a n c e s . 
I t was found t h a t f o r t h e more c o n c e n t r a t e d 
amalgams (A, B ft C) about 40 v gave a c o n s i d e r a b l e 
d e f l e c t i o n towards t h e p o s i t i v e e l e c t r o d e . I n d i c a t i n g 
t h a t t h e drop was n e g a t i v e l y charged. Charges deduced 
f r o m these photographs were about -0.1 x 1 0 7 a° e.s.u., 
b u t decreased n l i t t l e w i t h weakening of t h e amalgam. 
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I n s o d i u m s u l p h a t e s o l u t i o n t h e n e g a t i v e c h a r g e 
a p p e a r e d t o b e much l e s s , a n d 90 - 130 v o l t s were 
n e e d e d t o g i v e a r e a s o n a b l e d e f l e o t i o n . C h a r g e s 
d e d u c e d f r o m t h e s e d e f l e c t l o n o w o r e a b o u t - " . 1 x 1 0 6 a 3 
e . s . u . j i . e . r o u g h l y one t e n t h o f t h j s e I n a c i d . 
Y / l t h t h e change f r o m A m a l g a m C t o D i t was f o u n d 
t h a t q u i t e a s m a l l v o l t a g e a p p l i e d now g a v e a d e f l e c t i o n 
t o v a r d s t h e n e g a t i v e e l e c t r o d o , s h o w i n g t h a t t h e c h a r g e 
was now p o s i t i v e , a n d t h e m a g n i t u d e d e d u c e d f r o m t h e 
d e f l e c t i o n w a s 4 I n a c i d , a b o u t . 1 7 x l o ^ a 3 e . s . u . , a n d 
I n s o d i u m s u l p h a t e a b o u t . 0 7 x 10™ a 3 e s . u . , The 
r h f t y g f l w hurt W n u h«o.r>>'"« p ^ s I t ^ V * * O f *r» OV^^T 
a p p r o a c h i n g t h o s e o b t a i n e d o n p u r e m e r c u r y d r o p s . 
~ u r t h e r d i l u t i o n o f t h e ama lgam w i t h p u r e m e r c u r y ( t o 
ama lgam F. a n d f u r t h e r ) g a v e b u t l i t t l e c h a n g e I n t h e s e 
r e s u l t s • 
As n o r e a s o n c o u l d b e I m a g i n e d f o r t ) ie s u d d e n 
c h a n g e a t t h i s a m a l g a m s t r e n g t h , r e t u r n was made t o 
Amalgam i>, and a p o i n t w h i c h h a d b e e n o v e r l o o k e d a t 
f i r s t was n o t i c e d . I n t h e e x p e r i m e n t s d e s c r i b e d a b o v e 
a b o u t 40v h a d been a p p l i e d I n e a c h c a s e as I t g a v e a 
s u i t a b l e d e f l e c t i o n f o r p h o t o g r a p h i n g i n t h e f i r s t c a s e s . 
A r r a n g e m e n t s w e r e now made b y w h i c h i t was p o s s i b l e t o 
g r a d u a l l y i n c r e a s e t h e a p p l i e d v o l t a g e f r o m z e r o up t o 
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100 v o l t s , t h i s b e i n g done s i m p l y b y i n c l u s i o n o f a 
r h e o s t a t i n s e r i e s w i t h t h e c e l l c o n t a i n i n g t h e 
s o l u t i o n . As t h e v o l t a g e was made t o I n c r e a s e from 
z e r o t h e d r o p seemed t o be a f f e c t e d v e r y l i t t l e , b a t 
a t 2 5 - 3 0 v o l t s s l i g h t d e f l e c t i o n s t o w a r d s t h e n e g a t i v e 
e l e c t r o d e w e r e o b s e r v e d . As t h i s d e f l e c t i o n was v e r y 
s l i g h t i t may p o s s i b l y h a v e i n c r e a s e d u n i f o r m l y f r o m 
e e r o , o n l y r e a c h i n g a n amoun t o b s e r v a b l e v i s u a l l y a t 
t h e a b o v e - m e n t i o n e d v o l t a g e . f u r t h e r i n c r e a s e i n 
v o l t a g e c a u s e d t h e d e f l e c t i o n t o w a r d t h e n e g a t i v e t o 
d i s a p p e a r , t h e d r o p b e i n g a g a i n u n d e f l e c t e d a t 3 4 
v o l t s . A b o v e t h i s v o l t a g e i n c r e a s i n g d e f l e c t i o n s 
t o w a r d t h e p o s i t i v e w e r e o b s e r v e d , t h e s e b e i n g t h e 
d e f l e c t i o n s w h i c h h a d been n o t i c e d i n t h e f i r s t 
e x p e r i m e n t s w i t h a f i x e d p o t e n t i a l o f 40V« The a b o v e 
r e s u l t s w e r e t a k e n w i t h d r o p s o f r a d i u s . 0 6 5 c m s , t h e 
p l a t e d i s t a n c e b e i n g 2 . 0 3 5 c m s . 
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E f f e c t o f P o t e n t i a l G r a d i e n t 
on ;>jr.air;aui T - 'rop C h a r g o . 
The o b s e r v a t i o n s d e s c r i b e d o n t h e l a s t f t l pages 
seem t o i n d i c a t e t h a t t h e e x i s t e n c e o f t h e p o t e n t i a l 
g r a d i e n t i n t h e s o l u t i o n a r o u n d t h e d r o p m u s t h a v e 
some e f f e c t o n t h e p o t e n t i a l o r c h a r g e a c q u i r e d b y t h e 
d r o p . The o n l j c h a n g e s b e t w e e n s u c c e s s i v e e x p e r i m e n t s 
w e r e t h o s e niade i n t h e a p p l i e d v o l t a g e , and h e n c e t h e 
a l t e r a t i o n i n t h e c h a r g e c a n o n l y be due t o t h i s . The 
c h a r g e s m e a s u r e d a r e t h e r e f o r e n o t t h e t r u e c h a r g o s 
a c q u i r e d b y t h e d r o p s i n t h e s o l u t i o n , b u t i n a p p l y i n g 
t h e p o t e n t i a l g r a d i e n t t o d e t e r m i n e t h e d r o p c h a r g e , 
t i n l a t t e r was a l t e r e d as a r e s u l t . A h i g h p o t e n t i a l 
g r a d i e n t w o u l d seen; t o c a u s e t h e d r o p u t o become 
n o ^ a t ! v « l y c h a r g e : ; , o r o ^ a t h e y w o u l d cee^. t o be 
p o s i t i v e when t h e g r a d i e n t i s s m a l l . T h i s i n d i c a t e s 
t h a t t h e t r u e c h a r g e i n s o l u t i o n i n w h i c h no p o t e n t i a l 
g r a d i e n t e x i s t s w o u l d b e p o s i t i v e , t n e n e g a t i v e c h a r g e 
b e i n g c a u s e d b y t h e p o t e n t i a l g r a d i e n t o n l y . 
I f we i m a g i n e h y d r o g e n i o n s { i n a c i d , o r s o d i u m 
i o n s I n s o d i u m s u l p h a t e s o l u t i o n ) b e i n g a t t r a c t e d t o 
t h e n e g a t i v e e l e r - t r o d e , t h i s a t t r a c t i o n w i l l be g r e a t e r 
i n l a r g e r f i e l d s a n d h e n c e f e w e r I o n s w i l l be a t t r a c t e d 
t o t h e d r o p , c a u s i n g l e s s a d d i t i o n o f p o s i t i v e c h a r g e 
d 4 . 
t o t h e d r o p . A l s o t h i s r e m o v a l o f p o s i t i v e i o n s f r o m 
t h e s u r r o u n d i n g s o f t h e d r o p x v i l l . lake i t more e a s y f o r 
? i n c t o come o u t o f t h e d r o p i n t o t h e s o l u t i o n , a n d a s 
some o f t h e s e z i n c i o n s w i l l t h e m s e l v e s h e r e m o v e d 
u n d e r t h e i n f l u e n c e o f t h e f i e l d t h e i r p l a c e c a n be 
t a k e n b y more z i n c f r o m t h e d r o p . U n d e r t h e h i g h e r 
p o t e n t i a l s t h e r e f o r e , we m i g h t e x p e c t a l e s e p r o p o r t i o n 
o f h y d r o g e n i o n s g o i n g t o f o r m p o s i t i v e c h a r g e o n t h e 
d r o p , a n d a g r e e t e r p r o p o r t i o n o f z i n c c o m i n g i n t o 
s o l u t i o n , l e a v i n g t h e d r o p more n e g a t i v e l y c h a r g e d . 
The h i g h e r t h e a p p l i e d p o t e n t i a l t h e g r e a t e r t h i s e f f e c t 
w h i c t t may become o f sucfc m a g n i t u d e as zo r e v e r s e t h e 
d r o p c h a r g e , a s n o t e d i n p r a c t i c e . 
I f a n y c o m p a r a t i v e r e s u l t s w i t h v a r i o u s amalgams 
w e r e t o be o b t a i n e d , i t seemed o b v i o u s t h a t t h e y m u s t 
be d o n e u n d e r t h e same c o n d i t i o n s , i . e . d e f l e c t i o n s 
a n d d e d u c e d v a l u e s o f c h a r g e m u s t b e c o m p a r e d o n l y 
when t h e p o t e n t i a l g r a d i e n t was t h e same. The v a l u e 
m o s t n e a r t h e t r u e v a l u e ( i n t h e a b s e n c e o f p o t e n t i a l ) 
was p r o b a b l y t h a t o b t a i n e d f r o m t h e l o w e r g r a d i e n t s , 
i . e . f r o m t h e d e f l e c t i o n s o b t a i n e d t o w a r d s t h e n e g a t i v e 
a t p o t e n t i a l s l e s s t h a n t h a t r e q u i r e d f o r r e v e r s a l . 
A new s e t o f o b s e r v a t i o n s w e r e made o n t h e s e r i e s 
0 6 . 
o f amalgams B . t 0 u... t s ^ , . . e t c . . e a c h o f w h i c h was 
me.de b y d i l u t i o n o f a m a l g a m B w i t h m e r c u r y . P h o t o -
graphs w e r e t a k e n w i t h e a c h s t r e r ^ t h o f a m a l g a m , u n d e r 
a n a p p l i e d v o l t a g e o f 2 4 v , t h e d i s t a n c e b e t w e e n t h e 
p l a t e s b e i n g t h e same t h r o u g h o u t . D r o p s o f a b o u t t h e 
same s i z e w e r e u s e d , a new d r o p p e r b e i n g e m p l o y e d f o r 
each amalgam as i t was f o u n d i m p o s s i b l e t o t h o r o u g h l y 
c l e a n a d r o p p e r once i t h a d c o n t a i n e d a m a l g a m . The 
a m a l g a m , u n l i k e m e r c u r y , c l i n g s t o t h e g l a s s w a l l s o f 
t h e f i n e c a p i l l a r y and c a n n o t be r e m o v e d . 
2 4 v was f o u n d t o be a s u i t a b l e v o l t s - . - e g i v i n g t h e 
p o s i t i v e d e f l e c t i o n p r i o r t o r e v e r s a l i n i i iOct c n v i i 
By havim?; a p h o t o g r a p h o f t h e p a t h t r a c e d b y e a c h 
ama lgam u n d e r t h e same a p p l i e d p o t e n t i a l , a b a s i s o f 
c o m p a r i s o n was o b t a i n e d . Where n e c e s s a r y , p h o t o g r a p h s 
w i t h o t h e r a p o l l e d v o l t a g e s w e r e t a k e n , and when 
r e v e r s a l s o c c u r r e d , t h e a p p r o x i m a t e v o l t a g e a t w h i c h 
t h e c h a n g e o v e r t o o k p l a c e was n o t e d . 
I n t h e f o l l o w i n g pages a r e g i v e n m o s t o f t h e s i n e 
amalgam r e s u l t s , w h i c h a re f o l l o w e d b y a summary . 
6 6 . 
ZINC AJvALGAiv RESULTS. 
AiuM.lK.ttm A . - T a b l e A X X . 1 I , 
P h o t o g r a p h D r o p A p p l i e d F o r c e 
N u m b e r . R a d i u s V o l t a g e . o n D r o p 
3 4 6 G . , 6 5 1 cm e 1 0 -' 0 . 1 4 4 mg 
347 0 . 0 6 5 1 cms 24 v 0 . 0 4 1 mg 
. Q U I N H p S U 4 
s o l u t i o n . 
i j / a ^ u n d e r P o t e n t i a l G r a d i e n t o f 7 . 8 5 v / c m . = 0 . o u 5 x l o 7 e . s . u , 
E / a s u n d e r P o t e n t i a l G r a d i e n t o f 11.75 v / c m . = . . ' .016 x l o 7 c m s 
P h o t o g r a p h D r o p A p p l i e d F o r c e 
N u m b e r . R a d i u s V o l t a g e . o n D r o p 
. 0 0 1 N H p S 0 4 
3 1 2 0 . 0 5 4 4 cms 8 0 • - 0 . 3 6 3 r ig 
F / a ^ u n d e r P o t e n t i a l G r a d i e n t o f 1 7 . 6 v / c m . = - ' . 0 9 7 x l u 7 e . s .u 
c m 5 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
F o r c e 
o n D r o p . 
305 0 . 0 5 0 5 cms 36 v - 0 . 3 9 3 mg 
307 0 . 0 5 0 5 cms 2 d v - 0 . 3 1 mg 
3 1 1 0 . 0 5 4 4 eras 87 v - 0 . 7 7 5 mg 
Q. .001 g UNO?, 
s o l u t i o n . 
E / a 3 u n d e r P o t e n t i a l G r a d i e n t o f 1 3 . 9 v /cm - - 0 . 1 0 6 X 10 7 
fc/a3 u n d e r P o t e n t i a l G r a d i e n t o f 4 3 . 1 v / c m - -o .oyo x 110 
8 7 . 
A u ^ l g a m A j - Tab I t L - . . 1 ( O p P t d ) . 
P h o t o g r a p h D r o p A p p l i e d F o r c e o n 
Number• R a d i u s . V o l t a g e . D r o p . 
309 0 . 0 5 4 4 cm 2 0 4 v . - 0 . 2 2 2 m g 
310 0 . 0 5 4 4 crt; 97 v . - 0 . 1 1 2 m g 
, 0 0 1 N 8 * 2 8 0 4 
s o l u t i o n . 
j^y u n d s r P o t e n t i a l I r a d l s n t o f 9 7 » 5 y X c m — — ^108 x l o ^ B ^ e s u . 
E u n d e r P o t e n t i a l G r a d i e n t o f 4 o . 5 v / c n , = - . 1 1 2 x I 0 6 a 5 e s u 
Amalgam b j - T a b l e X A A U I 
P h o t o g r a p h 
Number , 
D r o p 
R a d i u s • 
A p p l i e d 
V o l t a r r e . 
H'orce on 
D r o p . 
3 1 3 0 . 0 5 b 5 cm 4 1 v . - 0 . 3 8 mg 
3 1 4 
3 3 4 
0,05cs5 cm 
0 . 0 6 3 9 cm 
32 v 
18 v . 
- 0 . 2 3 5 m g 
, 0 0 1 1) h 2 S 0 4 
s o l u t i o n . 
33b U . u 6 3 y cm 2 4 v . 0 , u 9 6 m g 
315 0 , 0 5 4 2 cm d5 v . - 0 . 1 2 mg . 0 0 1 N N a o S 0 4 
316 0 . 0 5 4 2 en. 109 v . - v i . 1 5 mg s o l u t i o n . 
. 1 a HgSC-i s o l u t i o n . 
- - 0 . 0 9 0 5 x 1 0 ' a e a u . 
j u n d e r P o t e n t i a l G r a d i e n t o f 1 5 , 3 v / c m - - . 0 7 1 X l j 7 a 3 e a u > 
£ u n d e r P o t e n t i a l G r a d i e n t o f 1 1 . 7 v / c m - + 0 . 0 3 7 X l ^ a ^ e s u . 
. 0 1 N Na^SOf s o l u t i o n . 
;• u n d e r P o t e n t i a l G r a d i e n t o f 4 , 2 v / c m » - 0 . 1 3 9 X 1 0 6 a 5 e s u 
1 u n d e r P o t e n t i a l G r a d i e n t o f 5 1 . 6 v / cm - - . 1 4 4 X 1 ^ a 3 e s . 
o 8 . 
A m a l g a m C. - T a b l e X X X I V . 
P h o t o g r a p h 
Number 
D r o p 
R a d i u s 
A p p l i e d 
V o l t a g e . 
1 o r c e o n 
D r o p . 
317 0 . 0 6 2 1 CD: 40 v . - . 3 7 mp 
m 0 . 0 6 2 1 c m 40 v . - 0 » 3 6 9 m g 
319 0 , 0 6 2 1 c m 135 v . - 0 . 1 3 7 m g 
320 0 . 0 6 2 1 c m 135 v . - 0 . 1 5 5 m g 
p f t / \ 
s o l u t i o n . 
. 1 i i riap604 
s o l u t i o n . 
. 0 0 1 N H P S O A s o l u t i o n . 
g u n d e r P o t e n t i a l G r a d i e n t o f I d . 4 v / c m » - » 0 . 0 8 7 x l O ^ a ^ e s u . 
. 1 j Nap»C»4, s o l u t i o n . 
| u n d e r P o t e n t i a l G r a d i e n t o f 6 5 . 5 v / c m 1 r x l w 6 a 5 e s u . 
Amalgam D . - T a b l e XXV 
I D V . , , • A n « e n V > 
Number* R a d i u s 
A - !«_- : T 
V o l t a g e . D r o p . 
3 2 1 0 . 0 6 0 4 c m 1 0 . 2 v . . 268mg 
322 0 . 0 6 b 4 c m 1 0 . 4 v . 0 . 26tiirig 
3 2 3 0 . 0 6 b 4 cm 1 3 . 6 v . 0 . 1 5 5 m g 
3 2 4 0 . 0 6 8 4 cm 1 3 . 6 v . 0 . 1 5 b m g 
. 0 0 1 H HQSQ 
s o l u t i o n . 
. 0 , 1 g Ma.^St 4 
s o l u t i o n . 
. 0 1 N H0SO4 s o l u t i o n . 
K u n d e r P o t e n t i a l G r a d i e n t o f 6 . 9 v / c m s + 0 . 1 7 5 x I u 7 a 3 e s u . 
L u n d e r P o t e n t i a l i r a d l e n t o f 9 . 1 v / c m = + 0 . 0 8 x 10 r < > a^ e s u . 
i n . 0 0 1 H N a p S 0 4 s o l u t i o n . 
8 9 . 
Amalgam Jbi. - T a b l e X X X V I . 
P h o t o g r a p h 
Number . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
K o r c e o n 
D r o p . 
325 0 , 0 6 4 2 cm , 1 0 . 2 v . + 0 . 2 3 9 mg 
326 0 . 0 6 4 2 cm 9 . 9 v . + 0 . 2 6 4 mg 
327 0 . 0 6 4 2 cm 1 3 . 3 v . + 0 . 1 3 7 mg 
3 2 3 0 . 0 6 4 2 cm 1 3 . 2 v . + 0 . 1 0 8 mg 
329 0 . 0 6 4 2 cm 1 3 . 2 v . + 0 . 1 1 9 mg 
, 0 0 1 M BgSO4 
s o l u t i o n . 
. 0 0 1 N N a g S 0 4 
S o l u t i o n . 
. 0 0 1 N HpS0 4 s o l u t i o n . 
h u n d e r P o t e n t i a l G r a d i e n t o f 6 . 7 v / c m » + Q . 1 7 5 x 1 0 7 a ^ e s u . 
. 0 0 1 H N a g S t u s o l u t i o n . 
1 u n d e r P o t e n t i a l G r a d i e n t o f 8 . o v/cm « + 0 . 6 3 x 1 0 6 a 5 e . s . ' 
Amalgam [•'. - T a b l e X X X V I I . 
P h o t o g r a p h D r o p A p p l i e d o r c e o n 
N u m b e r . R a d i u s 
j 
V o l t a g e . D r o p . 
M e 0 .070< cm 1 0 . 4 v . + 0 . 2 3 2 m g 
. 0 0 1 1 BeSOj 
3 3 1 0 . 0 7 0 0 cm 1 0 . 8 v . + 0 . 2 1 9 m g s o l u t i o n . 
. 1 N HpS04 s o l u t i o n . 
h u n d e r P o t e n t i a l G r a d i e n t o f 5 . 1 v / c m = + 0 . 1 9 8 x l O ^ a ^ e s u , 
9 0 . 
Amalgam B P - T a b l e XXXV L I I . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
r o r c e o n 
D r o p . 
3 3 6 
337 
0 . 0 6 3 9 c m 
0 . 0 6 3 9 c m 
2 3 . 5 v . A 
2 3 . 0 v . + 
) , 0 6 5 m g 
) . 0 8 5 m g 
.pel n n y s o A 
s o l u t i o n . 
R e v e r s a l G r a d i e n t 1 5 . 3 - 1 6 . 3 v / c m . 
. 0 0 1 N iiyi'A'ig s o l u t i o n . 
K u n d e r P o t e n t i a l G r a d i e n t o i ' 1 1 . 3 v / c m = + 0 . 0 3 5 x l u 7 a 5 e s u 
Amalgam B * - T a b l e X X X I X . 
P h o t o g r a p h 
Number . 
33b 
.-531: 
D r o p M a d r a s A p p l i e d 
V o l t a g e . 
0 , 0 6 4 5 c m 
U .'.'64[?c::; 
2 4 . 0 v . 
2 4 . 0 V . 
? o r c e o n 
D r o p . 
*C. 41mg 
4 0 . 41mg 
. 0 0 1 g Hg804 
s o l u t i o n . 
No R e v e r s a l 
. Q . , 1 M 11 SO s o l u t i o n . 7 3 
u n d e r " P o t e n t i a l G r a d i e n t o f 1 1 . 7 v / c m • + 0 . 1 6 3 x 10 a e 3 u , 
Amalgam * T a b l e X L . 
P h o t o g r a p h D r o p A p p l i e d h o r c e o n 
Number . Red u s . V o l t a g e . D r o p . 
3 4 2 0 . 0 6 5 8 cm 1 9 . Q v • 0 . 1 5 mg 
3 4 3 0 . 0 6 5 8 cm 19.C v 4 0 . 1 3 8 m g 
, 0 0 1 N ifoSO 4 s o l u t i o n . 
. 0 0 1 N H9SO4 
s o l u t i o n . 
g u n d e r P o t e n t i a l G r a d i e n t o f 9 . 3 v / c m = + 0 . 0 5 7 x 1 0 ' a ° e s u , 
( 9 1 ) 
A m a l g a m - T a b l e X L I . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
F o r c e o n 
D r o p . 
3 4 4 
3 4 5 
0 . 0 6 0 9 c m . 
0 . 0 6 0 9 c m . 
2 4 . o v . 
1 8 . 0 v . 
+ 0 . 4 9 m g . 
+ 0 . 2 8 5 m g . 
. 0 0 1 B HgSO^ 
s o l u t i o n . 
No R e v e r s a l . 
,0v 1 N UqSOa s o l u t i o n . 
£ u n d e r P o t e n t i a l G r a d i e n t o f 1 1 . 4 v / c m - + 0 . 1 9 7 x l C 7 a 5 e s u . 
E u n d e r P o t e n t i a l G r a d i e n t o f 8 . 5 5 v / c m » + 0 . 1 5 5 x I 0 7 a 5 e s u . 
P e r c e n t a g e C o m p o s i t i o n o f Z i n c A m a l g a m s . 
Aiualgciui A — T P *"» CO? 1 7 4 - . J . . XJ O XJfO U J . ( b y a n a l y s 
Amalgam B i - 0 . 1 9 0 / t Z i n c ( b y d l l u t i 
Amalgam 62 - 0 .062% Z i n c d o . 
Amalgam B 3 - 0 . 0 1 2 % Z i n c 
d o ! Amalgam B 4 - 0 . 0 4 0 % Z i n c 
Amalgam B 5 - 0.021/fc Z i n c d o . 
Amalgam Q - 0 . 0 3 0 % Z i n c d o , 
Amalgam D - 0 . 0 0 2 % Z i n c d o . 
Amalgam £ 0 . 0 0 3 % Z i n c d o . 
A m a l g a m F 0 0 , 0 1 1 % Z i n c d o . 
( 9 2 ) 
COLLECTED ZINC AMALGAM RESULTS. 
TABLE X L I I 1 . 
Amalgam, % Z i n c . C h a r g e / a 5 e 3 U 3 
cm 
G r a d i e n t R e v e r s a l 
G r a d i e n t . 
A 1 . 5 9 5 - 0 . 0 9 7 x 1 0 7 
+ 0 . 0 8 5 x 10 7 
+ 0 . 0 1 6 x 10? 
1 7 . 6 v / c m 
7 . 8 v / c m 
1 1 . 8 v / c m 
1 2 . 7 - 1 4 . 7 v / o m . 
B l 0 . 1 9 0 2 - . 0 9 1 x 1 0 7 
- 0 . 0 7 1 x 1 0 7 
+ 0 . 0 3 7 x 1 0 7 
1 9 . 6 v / c m 
1 5 . 3 v / c m 
1 1 . 7 v / c m , 
1 3 . 7 - 1 5 . 3 v / c n 
B2 0 . 0 6 1 9 + 0 . 0 3 5 x 1 0 7 1 1 . 3 v / c m 1 5 . 3 - 1 6 . 3 v / c m 
B 4 0 . 0 3 9 7 a b o u t z e r o 
•» 0 . 0 5 7 x 1 0 7 
1 1 . 8 v / c m 
9 . 3 v / c m 
1 1 . 8 - 1 4 7 v / c m 
C 0 . 0 2 8 8 - 0 . 0 8 6 5 x l O 7 1 9 . 4 v / c m R e v e r s a l . 
0 . 0 2 1 1 + 0 . 1 9 7 x 1 0 7 
+ 0 . 1 5 5 x 1 0 7 
1 1 . 5 v / c m 
6 . 6 v / c m 
No R e v e r s a l 
B 3 0 . 0 1 1 6 + 0 . 1 6 3 x 1 0
7 1 1 . 7 v / c m No R e v e r s a l . 
P 0 . 0 1 0 7 + 0 . 1 9 7 x 1 0 7 6 . 1 6 v / c m No R e v e r s a l . 
1 E 0 . 0 0 3 0 + 0 . 1 7 4 x 1 0 7 6 . 7 v / c m No R e v e r s a l . 
« 
9 3 . 
Cadmium A m a l g a m s . 
Cadmium Amalgams w e r e e m p l o y e d a l t e r s i l v e r a m a l g a m s , 
b u t as t h e y r e s e m b l e z i n c amalgams i n b e n a v i o u r t h e y w i l l 
be d e s c r i b e d f i r s t . P u r e Cadmium, i n t h e f o r m o f t h i n 
d i s c s o f t h e m e t a l , was a d d e d t o s u f f i c i e n t m e r c u r y t o 
maice an amalgam c o n t a i n i n g a p p r o x i m a t e l y 2%t i n a l i g h t l y 
s t o p p e r e d v e s s e l w h i c h was k e p t a t a t e m p e r a t u r e j u s t 
b e l o w 7 0 ° 0 b y a t h e r m o s t a t a r r a n g e m e n t . As c a d m i u m i s 
m o r e s o l u b l e t h a n z i n c , t h e w h o l e o f i t d i s s o l v e d i n a 
c o m p a r a t i v e l y s h o r t p e r i o d . M o r e d i l u t e amalgams w e r e 
made as r e q u i r e d by a d d i t i o n o f m e r c u r y t o p o r t i o n s o f 
t h i s amalgam* 
E x p e r i m e n t s o n d r o p s o f t n e s e amalgams w e r e p e r -
f o r m e d as o e r o r e . ab i n tats c a s e o f z i n c uu t t i gauu* , 
s i i g n t p o s i t i v e d e f l e c t i o n s ( i . e . d e f l e c t i o n s c o r r e s p o n d -
i n g t o p o s i t i v e c n a r g e ) w e r e o b t a i n e d a t l o w v o l t a g e s , 
a n d I n c r e a s i n g n e g a t i v e d e f l e c t i o n s w e r e o b t a i n e d above 
a c e r t a i n a p p l i e d v o l t a g e , a t w h i c h n o d e f l e c t i o n was 
o b t a i n e d . A g a i n , a m i n i m u m c o n c e n t r a t i o n , b e l o w w h i c h 
no r e v e r s a l was o b t a i n a b l e , was o b s e r v e d . ^ e l o w t h i s 
c o n c e n t r a t i o n t h e e f f e c t o f v o l t a g e i n c r e a s e was m e r e l y 
t o i n c r e a s e t h e o r i g i n a l p o s i t i v e d e f l e c t i o n . 
The o a d m i u m a m a l g a m r e s u l t s a r e d e t a i l e d i n t h e 
pages f o l l o w i n g . 
9 4 . 
Cadmium Amalgam R e s u l t s . 
l i a c h Amalgam I n , 0 0 1 N H „ S 0 4 s o l u t i o n o n l y . 
Amalgam A . - T a b l e X X I I I . 
P h o t o g r a p h 
Number * 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
F o r c e o n 
D r o p , 
360 0 , 0 6 d b c m 3 1 »o v . - 0 . 2 3 7 mg 
3 6 1 0 , 0 6 8 5 c m 2 4 . 0 v . - 0 . 1 4 4 mg 
362 0 , 0 6 b 5 c m 1 8 . 0 v . + J . 1 2 - aaiig 
3 6 3 0 , 0 6 8 5 c m 1 2 . 0 v . + 0 . 1 0 - c a 5 m g 
3 6 4 0 .0685coi 1 2 . 0 v . 40.09-0 .14mg 
C h a r g e I n P o t e n t i a l G r a d i e n t o f 1 5 . l v / c m » x l ^ a S e B u 
Cnarr^e i n P o t e n t i a l G r a d i e n t o f 1 1 . 7 v / c m - - i . i 47 x !• Va^eau 
in a x l mum C h a r g e . 
i n P o t e n t i a l G r a d i e n t o f d . 7 5 v / c m • + . 9 6 x 1 0 7 a 3 e s u 
t n P o t e n t i a l G r a d i e n t o f 5 . 6 5 v / c r n - 40-. 112 x 10 a esu. 
A m a l g a m J . - T a b l e A L I V . 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
F o r c e o n 
D r o p . 
365 0 . 0 6 4 9 c m 2 3 . 0 v . • • 0 , 0 5 8 mg 
366 0 , 0 6 4 9 c m 2 3 , ^ v . + 0 , 0 6 1 mg 
367 0 . 0 6 4 9 c m 3 4 . 0 v . - 0 . 2 3 4 mg 
368 0 .0649crr , 3 6 . - v . - 0 . 360 mg 
C h a r g e I n P o t e n t i a l G r a d i e n t o f 1 1 . 2 v / c m - -»0 . 0 2 5 x l u ' a ^ e s u . 
9 5 . 
Amalgam J . - ( c o n t d ) . 
C h a r g e I n P o t e n t i a l G r a d i e n t o f 1 6 . 5 v / c m • - . 0 6 6 x i i V e s u 
C h a r g e i n P o t e n t i a l G r a d i e n t o f 1 7 . 5 v / c m - - 0 . 0 9 5 x l j 7 a 3 e s u 
Amalgam i i , - T a b l e XLV 
P h o t o g r a p h 
N u m b e r . 
D r o p 
R a d i u s . 
A p p l i e d 
V o l t a g e . 
F o r c e o n 
D r o p . 
369 0 * 0 6 5 0 c m 1 9 . 0 v . • 0 . 0 9 2 mg 
370 0 . 0 6 5 0 cm 3 6 . 0 v . - 0 , 0 8 2 mg 
3 7 1 0 , 0 6 5 0 cm 4 3 . 0 v . - 0 , 1 9 5 mg 
C h a r g e I n P o t e n t i a l G r a d i e n t o f 9 , 2 5 v / c m » + Q . Q 4 G x i 0 7 a 5 e s u 
C h a r g e I n P o t e n t i a l G r a d i e n t o f 1 7 . 6 v / c m - . i 22 x l 0 7 a ^ e s u 
C h a r g e i n P o t e n t i a l G r a d i e n t o f 2 1 . u v / c m «"-C . 0 4 5 x l Q 7 a s e 3 .i 
Amalgam k . - T a b l e X L V I . 
P h o t o g r a p h 
Number • 
D r o p 
R a d i u s , 
A p p l i e d 
V o l t a g e . 
F o r c e o n 
D r o p . 
375 
3 7 6 
0 , 0 6 2 6 c m 
0 , 0 6 2 6 c m 
1 6 . 5 v . 
1 1 . 0 v . 
+ 0 . 3 0 mg 
+ 0 . 2 1 mg 
No R e v e r s a l . 
C h a r g e I n P o t e n t i a l G r a d i e n t o f 8 . 2 v / c m • + 0 . 1 7 4 x 1 0 7 a 5 e s u . 
C h a r g e i n P o t e n t i a l G r a d i e n t o f 5 . 3 v / c m • •»0 .17 t> x l o 7 a 3 e s u . 
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COLLECTED CAEfclUld AlEALOAfc RESULTS. 
T a b l e X L V I I . 
Amalgam! Cadmium. 
C h a r g e 
Or 
e s u ) ( 
cm"5 
P o t e n t i a l 
G r a d i e n t . 
R e v e r s a l 
G r a d i e n t . 
H 1 . 6 3 3 4 0 . 0 9 6 X 1(7 5 . 8 5 v / e r a 1 . 7 - 1 1 . 7 v / c m 
+ 0 . 1 1 2 X i<7 8 . 7 5 v / c n 
- 0 . 0 47 X 10' 1 1 . 7 v / c n : 
- 0 . 0 6 3 X 10 7 1 5 . 1 v / c n 
J 0 . 1 9 9 + 0 . 0 2 5 X K F 1 1 . 2 v / c t r 1 2 . 7 - 1 5 . 6 v / c m 
- 0 . 0 6 6 ^ 1(7 1 6 . 5 V / C E 
- 0 . 0 9 5 X 1 0 7 1 7 . 5 V / C K 
K 0 . 0 1 5 + 0 . 0 4 6 X 1 0 7 9 . 2 5 v / C K 9 . 7 6 - 1 4 . 6 v / c m 
- 0 . 0 2 2 X 1 0 7 1 7 . 6 v / c u 
- u • o 4 5 X 10' H * 0 v / c m 
H 0 . 0 0 4 + 0 . 1 7 4 X 1 0 7 1 6 . b v / c m Jio R e v e r ' s a l . 
+ 0 . 1 7 8 X 1 0 7 l l . o v / c m 
Amalgam L . c o n t a i n i n g 0 .010% C a d m i u m , g a v e s l i g h t 
d e f l e c t i o n s I n t h e p o s i t i v e d i r e c t i o n a n d t h e 
r e v e r s a l e f f e c t a t h i g h e r v o l t a g e s . The 
n e g a t i v e d e f l e c t i o n s w e r e a l s o c o m p a r a t i v e l y 
s m a l l . No p h o t o g r a p h s w e r e t a k e n as a n I n -
s u f f i c i e n t s u p p l y o f a m a l g a m was m a d e . 
S l i v e r Amalgams. 
Although s i l v e r amalgamates very r a p i d l y with 
s m a l l q u a n t i t i e s of mercury, the waking of an amalgam 
which conta ins only a s m a l l percentage of s i l v e r 
evenly d i s p e r s e d throughout the mercury i s a slow 
p r o c e s s . I n order to make a l i q u i d amalgam c o n t a i n i n g 
a reasonab le q u a n t i t y of s i l v e r was used . A f t e r 
about three weeis of c o n t i n u a l h e a t i n g a t 7 0 ° and 
p e r i o d i c a l s h a k i n g , the u n d i s s o l v e d s i l v e r was removed, 
and the remaining amalgam r e t a i n e d f o r exper iment . 
The charges were a l l p o s i t i v e , and the v a l u e s of the 
phor»ff* / i « r h i f » . A r i i p r f i sn s i m i l a r to t h a t on cure mercury 
that r e p e t i t i o n w i th weaker amalgams was not warranted . 
S l i v e r Amalgam *• . 0» ' l t\ HpSP A a o l u t i o n . 
Table \ L V i l l . 
Photograph Drop A p p l i e d P'orce on 
Number. R a d i u s . V o l t a g e . Drop. 
350 0.0644cm 11,0 v . 0 .205 mg 
351 0.0644cm 10 .6 v . 0 .198 mg 
352 0,0644cm 10 .5 v . 0 .198 mg 
353 0,0644cm 23 . 0 v . 0 .405 nig 
354 0,0630cm 13 .9 v . 0 ,241 mg 
355 0,0630cm 13.7 v . 0.288 mg 
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i^eau Value of c h a r g e / f o r Amalgam g 
I n .001 If HgS0 4 s o l u t i o n . - "~0.179 . lu 'a** e s u . 
These s i l v e r amalgam drops appear to a t t a i n 
p o s i t i v e charges s l i g h t l y l a r g e r than those on pure 
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mercury drops under s i m i l a r c o n d i t i o n s , - +0.1ba A 10' 
as compared wi th + 0 .16 x 1 0 7 a 3 . S l i v e r i s u s u a l l y 
cons idered s l i g h t l y more p o s i t i v e than mercury i n 
the e l e c t r o - p o t e n t i a l s e r i e s , and t h i s would be con-
f i r m e d by the above r e s u l t . S i l v e r resembles mercury 
i n s e v e r a l r e s p e c t s , so t h a t i t i s not s u r p r i s i n g 
tha t i n t h i s i n s t a n c e i t s amalgam behaved l i k e 
mercury . The amalgam was probably s u f f i c i e n t l y 
concentra ted to g ive the n a t u r a l p . d . of s i l v e r , as 
there i s r eason to b e l i e v e t h a t even f a i r l y weak 
amalgams g ive the s i l v e r p o t e n t i a l . The f o l l o w i n g 
t a b l e of r e s u l t s by L i n d e c k ( s e e l-'l) g ives the p o t e n t i a l 
between s i l v e r amalgams and amalgamated z i n c , and shows 
that a .0.5;* amalgam g ives almost the same p o t e n t i a l 
a s one which i s s a t u r a t e d . 
Per cent P o t e n t i a l 
S i l v e r . D i f f e r e n c e . 
s a t u r a t e d 1*91 v . 
2,0 1.30 v. 
0 .57 1 .33 v . 
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The amalgam used must have conta ined a t l e a s t 
0.5% s i l v e r . S e v e r a l exper imenters have d i s s o l v e d 
2-6% s i l v e r by hea t ing I n an open v e s s e l , so t h a t I t 
I s w i t h i n reason to assume t h a t a good percentage 
d i s s o l v e d I n the p r e s e n t case* 
Cadmium and Zinc Amalgams behave I n a manner 
t o t a l l y d i f f e r e n t from Mercury or S l i v e r Amalgam. 
Cadmium and z inc a r e both negat ive w i t h r e s p e c t to 
hydrogen whi le mercury and s i l v e r a r e p o s i t i v e . The 
charges a c q u i r e d would t h e r e f o r e be expected to be 
l e s s than those obta ined wi th mercury, - e i t h e r l e s s 
r o n i t l v e nr oven nega t ive , rienending on the magnitudes 
of the v a r i o u s f a c t o r s I n v o l v e d . A c t u a l l y , whi le both 
p o s i t i v e and negat ive charges cou ld be ob ta ined , 
depending on the v a l u e of the a p p l i e d p o t e n t i a l g r a d i e n t , 
I t seems t h a t i n the absence of p o t e n t i a l g r a d i e n t s 
the drops would n a t u r a l l y a t t a i n a p o s i t i v e charge . 
The a r t i f i c i a l change due to vo l tage a p p l i c a t i o n causes 
the i n c r e a s i n g l y negat ive c h a r g e s . 
The charges cannot be assumed f u l l y grown i n 
these experiments . Those obta ined from the lower p a r t s 
of the curves were found to be s l i g h t l y l a r g e r , and 
t h e r e f o r e nearer the maximum v a l u e . I n low p o t e n t i a l 
g r a d i e n t s the charges a r e p o s i t i v e but much l e s s than 
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those f o r pure mercury, Even i f they were complete ly 
grown i t seems h i g h l y improbable t h a t they would be as 
h igh as the pure mercury drop c h a r g e s . I f we assume 
that the charge on mercury I s due to hydrogen i o n s , 
z i n c and cadmium must t h e r e f o r e be l e s s p o s i t i v e than 
hydrogen, but s t i l l p o s i t i v e . The e f f e c t of p o t e n t i a l 
g r a d i e n t must be to i n c r e a s e the r a t e of t r a n s f e r e n c e 
of s i n e or cadmium ions i n t o the s o l u t i o n , t h i s 
e v e n t u a l l y making the c i a r g e n e g a t i v e , a l though i t would 
n a t u r a l l y be p o s i t i v e . T h i s i s proved i n some photo-
graphs i n which the volfcage was J u s t above the r e v e r s a l 
v o l t a g e , be fore e n t e r i n g the f i e l d the drop was s l i g h t l y 
p o s i t i v e , not being und sr the i n f l u e n c e of the f i e l d . 
Hence a t the beginning of I t s passage a c r o s s the f i e l d 
of view i t was a t t r a c t e d toward:? the negat ive e l e c t r o d e . 
The drop, now being a f f e c t e d by the p o t e n t i a l g r a d i e n t , 
r a p i d l y l o s t i t s p o s i t i v e charge and a t t a i n e d a 
negat ive one, f i n a l l y b« lng a t t r a c t e d to the p o s i t i v e 
e l e c t r o d e . The path of the drop, although o r i g i n a l l y -
d i r e c t e d toward the n e g s t i v e e l e c t r o d e , was concave 
toward the p o s i t i v e , shewing t h a t the drop was con-
t i n u a l l y l o s i n g p o s i t i v e charge w h i l e c r o s s i n g the 
f i e l d . , Two t r a c t s are shown I n the diagram o v e r l e a f . ( R * W ) 
T h i s e f f e c t c o u l d only be not i ced w i t h g r a d i e n t s s l i g h t l y 
i n exces s of the r e v e r s a l g r a d i e n t . 
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I f g r a d i e n t s which were 
too h igh were used, the p o s i t i v e 
charge was l o s t to > q u i c k l y f o r 
the s l i g h t motion a t f i r s t t o -
wards the negat ive e l e c t r o d e to 
be v i s i b l e . 
The drop charge can be i n f l u e n c e d by two f a c t o r s 
(1) ths tendency of the drop to a t t a i n a p o t e n t i a l 
such as i t would a t t a i n i n a c i d i n which no 
p o t e n t i a l grad ient e x i s t e d . 
1.2) the tendency of z i n c (or cadmium) Ions to l eave 
the drop under ttie i n f l u e n c e of p o t e n t i a l 
g r a d i e n t . 
The z i n c coming Into the s o l u t i o n as a r e s u l t of 
the second e f f e c t w i l l appear a s p o s i t i v e i o n s , and 
the second e f f e c t t h e r e f o r e causes a d iminut ion of the 
p o s i t i v e drop charge , which w i l l i n c r e a s e w i t h i n c r e a s e 
of the g r a d i e n t . When the grtidi ent i s s t i l l l e s s than 
that r e q u i r e d f o r r e v e r s a l , there w i l l be an a d d i t i o n 
of charge due to the f i i*st e f f e c t and a removal due 
to the second , the f o r m s r be ing the g r e a t e r . Whatever 
charge i s removed by tha l a t t e r i s more than r e p l a c e d 
by the former . The t o t a l e f f e c t i s t h e r e f o r e a 
s lowing of the r a t e of srowth o f the n a t u r a l charge , 
and i f t h i s s lowing i s s u f f i c i e n t the drop w i l l not 
a c q u i r e the f u l l charge before reach ing the lower p l a t e 
• 
A 
/ \ 
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l e v e l . The charge decuoed w i l l t h e r e f o r e be a 
f r a c t i o n of the f u l l c l a r g e , the f r a c t i o n being s m a l l 
i n the case of a p o s i t i v e d e f l e c t i o n i n a grad ient 
j u s t s h o r t of the r e v e r s a l g r a d i e n t , when the r a t e of 
growth would be extremely slew., 
At g r a d i e n t s abeve the r e v e r s a l g r a d i e n t , the 
e f f e c t due to vo l tage outweighs the n a t u r a l e f f e c t , 
and the charge now grows n e g a t i v e l y a g a i n s t the n a t u r a l 
e f f e c t . The h igher the g r a d i e n t the grea ter the 
d i f f e r e n c e i n magnitude between the two e f f e c t s . The 
negat ive charge w i l l i n s r e a s e u n t i l a quant i ty of 
p o s i t i v e c h a r g e , s u f f i c i e n t to prevent any f u r t h e r l o s s 
of p o s i t i v e charge by trie drop, i s r e t a i n e d by a t t r a c -
t i o n i n the drop s u r r o u i d i n g s . T h i s p o s i t i v e charge 
w i l l be r e t a i n e d I n s p i t e o f the d r a i n i n g i n f l u e n c e of 
the f i e l d . 
L e t E 0 be the f i n a l negat ive charge a t t a i n e d . 
R e t a i n i n g f o r c e on a p o s i t i v e i o n , 
p r o p o r t i o n a l to E Q • lt*B 
D r a i n i n g f o r c e on a posi t i v e i o n , 
p r o p o r t i o n a l to f i e l d X = KX 
r i n a l negat ive charge in reached when these b a l a n c e . 
1 . e • k' K Q • K X 
o r , the negat ive charge a t t a i n e d i s p r o p o r t i o n a l to the 
f i e l d . At any other ins tant , , before the f i n a l charge i 
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r e a c h e d , the r e s u l t a n t f o r c e on a p o s i t i v e i on i s : -
T h i s f o r c e canss s the ion to d r i f t away to the 
negat ive e l e c t r o d e * -ts v e l o c i t y of d r i f t w i l l be 
p r o p o r t i o n a l to the r e n u l t O B t f o r c e on i t , and hence 
the r a t e of removal of charge from the drop v i c i n i t y 
i s p r o p o r t i o n a l to th is f o r c e . The r a t e of removal 
of p o s i t i v e charge i s e q u i v a l e n t to the r a t e a t which 
i t can be r e p l a c e d froii the drop, i . e . the r a t e of 
growth of the negat ive charge on the drop. 
Taking t • 0 as the p o i n t a t which the drop enters 
the f i e l d , the charge at t h i s i n s t a n t wi 5 1 be a s e r t a i n 
f r a c t i o n of the n a t u r a l p o s i t i v e charge £ , t h i s amount 
hav ing grown whi l e the drop was f a l l i n g i n the l i q u i d 
above the e l e c t r o d e s . T h i s w i l l remain constant i f 
the drops a l l f a l l from the same l e v e l . 
K X - k 1 K or k » ( E 0 - E) 
| | = k { E 0 - E) E Q and E a r e n e g a t i v e . 
J I E i E 0 - f c ) :Cd 
l c g e ( E 0 - E ) s - l o g e ( E 0 + £ ) 
E 0 + £ 
E = £ 0 ( 1 
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The charge t h e r e f 01 e 
changes i n the manner 
i n d i c a t e d by the lower 
graoh , which I s obtained 
by combination of the two 
upper ones . When the r a v e r s a l vo l tage was j u s t exceeded, 
E o t depending on the m&z-
E . 
n i tude of the g r a d i e n t , 
was smal l j , and the s l i g h t 
a t t r a c t i o n to the negat .ve 
was v i s i b l e , corresponding 
c e 
- IT-
to AB where the charge was p o s i t i v e but r a p i d l y d imin-
i s h i n g . With i n c r e a s e of p o t e n t i a l g r a d i e n t E 0 may 
be expected to I n c r e a s e 
r a p i d l y so tha t the c u r v e , 
w h i l e s t i l l r e t a i n i n g t i e 
same value of k, crosses 
the time a x i s e a r l i e r , i . e . 
the drops a r e p o s i t i v e Cor 
s h o r t e r p e r i o d s , and the 
-t 
e f f e c t of t h e i r commencing 
the passage acros? the f i e l d 
w i t h p o s i t i v e charges be iomes n e g l i g i b l e , or a t most 
r e g i s t e r s i t s e l f as a deLay i n the commencement of 
1 
1 
1 
/ 
/ 
1 
1 
i, 
/ I 
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the nega t ive charge to d e f l e c t . The diagram shows 
how the per iod dur ing v h l c h the drop i s p o s i t i v e ^ 
becomes r a p i d l y s h o r t e i a s 
the grad ient above r e v e r s a l , 
and hence E 0 , i s I n c r e s s e d . 
I t thus seems to be h i g h l y 
probable t h a t the r a t e s of 
in terchange of Ions between 
the drops and the s o l u t i o n 
can be a l t e r e d by a p p l i c a t i o n 
of p o t e n t i a l g r a d i e n t s I n 
the s o l u t i o n . I . e . t h a t the 
drop charges and p o t e n t i a l s 
can be v a r i e d a r t i f i c i a l l y i n 
t h i s way. by assuming .in a t t r a c t i o n of ions toward 
the e l e c t r o d e s , the a t t r a c t i o n "being p r o p o r t i o n a l to 
the g r a d i e n t , a s a t i s f a c t o r y e x p l a n a t i o n of the 
observed phenomena can be o b t a i n e d . 
A t the lower g r a d i e n t s the former of the two 
f a c t o r s mentioned p r e v i o u s l y I s of most Importance i n 
the d e t e r m i n a t i o n o f tho drop charge , and I t seems that 
the drop shows a n a t u r a l tendency to a c q u i r e a p o s i t i v e 
Drop p o s i t i v e 
f o r much 
shor ter per iods 
c h a r g e . S ince t h i s charge I s measured r e l a t i v e to the 
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s o l u t i o n o n l y , i t woulc. appear t h a t drops of t h i s 
comp s i t i o n a t t a i n a p o t e n t i a l which i s p o s i t i v e r e l a t i v e 
to the s o l u t i o n , y e t net so h i g h l y p o s i t i v e as mercury 
a l o n e . Z inc amalgams c o n t a i n i n g 1% z i n c approach the 
p o t e n t i a l of z i n c i t s e l f , a f a c t which has been e s t a b -
l i s h e d by s e v e r a l w o r k e r s . The most a c c u r a t e work on 
r e l a t i v e p o t e n t i a l s of imalgams of v a r i o u s c o n c e n t r a -
(21) 
t lons has been done by t i chards and h i s co-workers . 
Thus the amalgam of h i g h e s t z i n c content {1.5%) 
may be assumed to be ve?y n e a r l y a t the t rue z i n c 
p o t e n t i a l , which has be»n shown to be p o s i t i v e r e l a t i v e 
to the s o l u t i o n . I n a s i m i l a r f a s h i o n the cadmium 
amalgam r e s u l t s i n d i c a t e tha t cadmium I s a l so p o s i t i v e 
i n t h i s a c i d of low cone e n t r a t i o n . That they should 
be l e s s p o s i t i v e than mercury I s to be expected , but 
the f a c t t h a t they &re • t i l l p o s i t i v e seems to I n d i c a t e 
that abso lu te zero i s a t l e a s t beyond cadmium and z i n c 
toward the sodium end of the s e r i e s . Any r e s u l t taken 
from the magnitudes of the charges would be u n t r u s t -
worthy, as I t would be r e c e s s a r y to assume the abso lu te 
p o t e n t i a l p r o p o r t i o n a l to the cl iarge ( L » e?\Q/<± ) f o r 
dr ps of both pure mercury and I t s amalgam, i n order to 
deduce a va lue f o r the p o s i t i o n i n the s e r i e s at which 
the charge would be zero* T h i s assumption may not be 
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true s i n c e the- ions I n v o l v e d i n each case are not the 
same, so t h a t a , the t h i c k n e s s of the double l a y e r , 
may be d i f f e r e n t i n thn two c a s e s . The experiments 
do show that even z i n c and cadmium may be p o s i t i v e . 
•:::A?TIP. V : . 
ADDIT10SAL EXPhRIAENTS. 
108. 
CHARJES ON AIR BUBBLES • 
Bubbles of a i r %M water can be made to move 
under the i n f l u e n c e of a p o t e n t i a l g r a d i e n t . The 
experiments of A l ty* and h i s c o l l e a g u e s , i n which 
bubbles were made to move alon;; the a x i s of a r o t a t i n g 
tubu lar c e l l , have shorn t h a t the bubbles move very 
s l o w l y even i n f i e l d s c ' c o n s i i e r a b l e magnitude. I t 
was thought t h a t t h i s e f f e c t might be obta inab le by 
a metho s i m i l a r to thet d e s c r i b e d for mercury drops , 
except tha t i n t h i s case the bubbles would r i s e between 
the p l a t e s . As only a shor t time was a v a i l a b l e 
before complet ion of the r e s e a r c h p e r i o d , the o r i g i n a l 
a p p a r a t u s , employed for mercury drops , was u t i l i s e d . 
Although i t became e v i d e n t thai; an improved des ign of 
apparatus would be p r e f e r a b l e , these experiments a t 
l e a s t seemed to I n d i c a t e the p o s s i b i l i t i e s of the 
method. I n h i s e a r l i e s t papers on the s u b j e c t A l t y 
used water twice d i s t i l Led i n g l a s s and employed a 
s o f t g l a s s c e l l . L a t e ? he took more e l a b o r a t e 
p r e c a u t i o n s i n o b t a i n i n g very j u r e w a t e r , and found 
tha t the charges on the bubbles were s m a l l but s t i l l 
f i n i t e . As the v e s s e l used i n tne e x p e r l r e n t s 
d e s c r i b e d here was made of g l a s s i t seemed t h a t we 
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must be content - 4 t h e:q?eriments us ing water of the 
same order of p u r i t y an t h a t which A l t y used i n h i s 
f i r s t exper iments . To ob ta in t h i s p u r i t y i t was 
n e c e s s a r y to c o m p l e t e ! / d i smant le the v e s s e l , removing 
the ends and the e l e c t r o d e s , and to steam I t out f o r 
s e v e r a l days a f t e r a good p r e l i m i n a r y washing I n 
d i s t i l l e d w a t e r . Th in was the only r e a l l y e f f e c t u a l 
method of removing a l l t r a c e s of a c i d and other s o l u t i o n s 
p r e v i o u s l y used. I n I J I apparatus of t h i s tyue the 
water must come i n t o c o n t a c t wi th the vacuum wax used 
f o r s e a l i n g purposes . I t is; ques t ionable whether 
t h i s w i l l a f f e c t the p i r i t y of the water , but i t seems 
improbable s i n c e the c c n d u c t i v i t i . e s obta ined were of 
s i m i l a r order to those obta ined by A l t y . 
The water used was made i n a condensing apparatus 
c o n s i s t i n g of hard g l a s s f lask; ; and a copper condenser . 
Lach of the components of t h i s apparatus had been 
steamed out f o r s e v e r a l days before u s e . The water 
was twice d i s t i l l e d through t h i s apparatus and then 
f i l l e d in to the v e s s e l , which had been reassembled . 
A convenient p l a t e d i s t a n c e for these experiments was 
approximate ly 1/2 cm. T h i s a l lowed h l $ i e r g r a d i e n t s 
to be obta ined , and i n a d d i t i o n had the advantage of 
s t eady ing the motion of the b u b b l e s . The r i s e o f 
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the bubbles i n u n r e s t r i c t e d l i q u i d was found to be 
r a t h e r e r r a t i c , but t h i s e f f e c t of the p l a t e s on the 
m t i o n of the bubbles helped to overcome t h i s d i f f i c u l t y . 
The bubi. les were formed a t a f i n e j e t oonnected 
by a tube p a s s i n g up the v e s s e l ( o u t s i d e the e l e c t r o d e s ) 
and out a t the neck, to an a s p i r a t o r . The a p p l i e d 
p r e s s u r e was a d j u s t o d u n t i l bubbles escaped from the 
j e t a t a reasonab ly s low r a t e . The j e t p o s i t i o n was 
a d j u s t e d u n t i l the bubbles rose c e n t r a l l y between the 
p l a t e s when no f i e l d was a p p l i e d . 
P o t e n t i a l s up to 700 v o l t s were a v a i l a b l e f o r 
—ir ir w — — » . — - i . — - « » v > * > . — - * * C j ~ ~ v * » • * « * * • 
b a t t e r l e s were used as the source of p o t e n t i a l , 
contac t was only made i n s t a n t a n e o u s l y , because a t the 
h igher vo l tages r a t h e r more c u r r e n t was taken from the 
b a t t e r i e s than was d e s i r a b l e . The t i m i n g device was 
employed, the dashes corresponding to 1/400 sec now 
be ing much s h o r t e r , the bubbles t r a v e l l i n g a t v e l o c i t i e s 
which were slow i n comparison to those of mercury d r o p s . 
I t was found that p o t e n t i a l g r a d i e n t s of 200 
v o l t r per cm. and higher caused v i s i b l e d e f l e c t i o n s 
from the normal v e r t i c a l p a t h . A t 20- v o l t / c m the 
d e f l e c t i o n was sma l l but i t i n c r e a s e d r e g u l a r l y w i t h 
p o t e n t i a l g r a d i e n t as was expected . Although the 
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u n d e f l e c t e d paths were q u i t e s t r a i -ht the d e f l e c t e d 
ones showed some i r r e g u l a r i t i e s . T h i s was probably 
due to the l i q u i d motion. As drop f o l l o w s drop i n 
the u n d e f l e c t e d pa th , the l i q u i d between the p l a t e s 
must s e t t l e in to a s teady form of c i r c u l a t i o n . When 
a drop i s suddenly caused to f o l l o w a path d e v i a t i n g 
from that of former drops , the e f f e c t of the l i q u i d on 
the path w i l l vary a t d i f f e r e n t p o i n t s , so t h a t t h i s 
probably e x p l a i n s the s l i g h t l y wavy l i n e o b t a i n e d . 
The drop be ing l i g h t , i t i s a f f e c t e d by the l i q u i d 
motion much more than i n the case of the heavy mercury 
( irnns . Th 1 « «T»T*At .1 r>. nat:h « 1 Imlnnf .orl n n s s i h 1 H t ; v 
of o b t a i n i n g a curved path when the v e l o c i t y i n the 
h o r i z o n t a l d i r e c t i o n was s t i l l growing. The dashes 
I n d i c a t e d tha t the t e r m i n a l v e l o c i t i e s were i u i c k l y 
s e t up i n both d i r e c t i o n s , as might be expected s i n c e 
the v e l o c i t i e s a t t a i n e d ( e s p e c i a l l y i n the h o r i z o n t a l 
d i r e c t i o n ) were s m a l l . R e s u l t s f o r the h o r i z o n t a l 
v e l o c i t y were obtained by u s i n g the mean s t r a i g h t 
l i n e of the c u r v e , i g n o r i n g the s h o r t p o r t i o n dur ing 
which the h o r i z o n t a l v e l o c i t y was s t i l l growing, a t 
the commencement of passage through the f i e l d . A 
c o r r e c t i o n was a p p l i e d f o r the f a c t that i n t h e i r 
d e f l e c t e d paths the drops d i d not move so f a s t I n the 
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v e r t i c a l d i r e c t i o n as t h e y had done i n t h e i r un-
d e f l e c t e d p a t h s . I f l 4 - i a the l e n g t h of 10 time 
d i v i s i o n s i n the v e r t i c a l p a t . 
Slope of s t r a i g h t l i n e p o r t i o n « tanO 
Di s t a n c e moved i n t i m e c o r r e s p o n d i n g 
t o a v e r t i c a l d i s t a n c e o f x - y 
y • x tanO 
x tanG moved i n * .40 time d i v n s . 
I40 
i n x . l 
X 4. 1 ; sees. 
> 
i i o r i z o n t a l 
V e l o c l t y ( u n c o r r e c t e d ) • 10.140 . tanft cms/sec. 
I f i n the same v e r t i c a l d i s t a n c e t h e r e are n time d i v n s 
i n the * m d e f l e c t e d l i n e and n' d i v i s i o n s i n the 
d e f l e c t e d l i n e . n' > n . 
C o r r e c t e d H o r i z o n t a l V e l o c i t y * H , . l 4 , t a n 6 . i c cms/sec. 
n' 
H o r i z o n t a l . e l o c i t j 
per u n i t P o t e n t i a l G r a d i e n t . 
• 10.J2. .l.„.tam>.$ cms/sec. 
n HQ V 
/ 
V * A p p l i e d V o l t a g e , and d » P l a t e D i s t a n c e . 
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The f o l l o w i n g t a b l e g i v e s the v e l o c i t i e s deduced 
f r o m t he a e r i e s o f photographs t a k e n , t h e c o r r e s p o n d i n g 
p o t e n t i a l s a l s o b e i n g shown. 
TABLE XLIX. 
Photograph 
Number. 
V e l o c l t y 
( c o r r e c t e d ) . 
P l a t e 
D i s t a n c e , 
P o t e n t i a l 
A p p l i e d . 
504 0.28 cms/sec 0.550 cuis 122 v. 
502 0.59 cms/sec 0.550 cms 243 v. 
BOO 0.841 cms/nee 0,550 cms 366 v. 
501 G .7 4 otitis/sec 0.550 cms 366 v. 
506 0.67 ens/sec 0.550 cms 486 v. 
505 l.r>5 cms/sec 0.550 cms 609 v. 
The mean s l o p e o f t h i s l i n e Ls:-
Veloc I t y / r o b e n t i a l = 0.20 x 10-2 
V e l o c i t y / u n i t P o t e n t i a l G r a d i e n t . 
» 0.20 x 1 0 " 2 x o.55 
• l i . O x 1 0 " 1 cms/sec. 
The v e l o c i t i e s I n v o l v e d are s m a l l and the mo t i o n 
i s p r o b a b l y l a m i n a r . I n t h i s method i t i s d i f f i c u l t 
t o e s t i m a t e the bub b l e s i z e i n o r d e r t o make c e r t a i n o f 
the t y p e o f f l u i d m o t i o n . The f o l l o w i n g t a b l e g i v e s 
t h e v e l o c i t y i n the v e r t i c a l d i r e c t i o n , taken f r o m t he 
u n d e f l e c t e d p a t h , f o r each of t h e above photographs. 
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1 ^ i s the l e n g t h e q u i v a l e n t to 40 time d i v i s i o n s , i . e . 
e q u i v a l e n t t o l / i o t h second. 
T A C L E L . 
A c t u a l D i s t a n c e 
Moved. 
V e l o c i t y 
( cms/sec) • 
38.5 1,26 12.6 
3b.0 1.24 12.4 
39.0 1.23 12.3 
39,7 1.25 12.5 
39.0 1.24 12.4 
39.0 1,24 12.4 
Vor laminar motion, the u p l i f t on t h e bubble must be 
equated t o the v i s c o u s r e s i s t a n c e 
( 4 / 3 ) 1 T a S g I elT^ av 
i f the above mot i o n were l a m i n a r : -
tt2 m i v 
* I • 
a * 0,u24 cms t a k i n g * • .01 
Under the c o n d i t i o n s o f t h e experiment the bubbles 
cannot be assumed t o be moving i n u n r e s t r i c t e d l i q u i d . 
The e f f e c t o f the p l a t e s would be t o cramp the 
l i q u i d m o t i o n and t h i s may be assumed t o be e q u i v a l e n t 
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to sin I n c r e a s e I n v i s c o s i t y . T his I n t r o d u c e s a 
m u l t i p l y i n g f a c t o r s l i g h t l y g r e a t e r t h a n u n i t y i n t o 
the r i g h t hand s i d e o f the above e u a t i o n , Hence, 
the value o f a mey p o s s i b l y be expected t o be s l i g h t l y 
g r e a t e r than o,0{?4 cms. 
Th i s v a l u e o f t h e r a d i u s was t e s t e d a p p r o x i m a t e l y 
a? f o l l o w ? . The camera was f i t t e d w i t h a supplement-
a r y l e n s so that; as l a r g e a magnlf 1 c e t i o n as p o s s i b l e 
was o b t a i n e d w i t h f u l l e x t e n s i o n . I t was ne c e s s a r y 
t o s t o p down the l e n s to r e t a i n sharpness I n the Image, 
the d e p t h o f focus b e i n g v e r y s m a l l under these 
c o n d i t i o n s . Mirth sneed e l a t e s were used and 
s i l h o u e t t e s o f t h e drops were o b t a i n e d when t h e y were 
•It J £» . 1 I - J J 1 _ — M — 1 V Ar- -- • * rtV- ' 
l i l U l i i i r i l l l C U L W U L U P i U U U U y t t U l l l U e i l a C U O & I I 1 Ol X X g i i b f 
and t h e s h o r t e s t p o s s i b l e exposure was g i v e n , A 
s l i g h t m o t i o n i n t h e v o r t i c a l d i r e c t i o n was 3 t i l l 
a p p a rent on t h e developed n e g a t i v e s , b u t t h e w i d t h s 
o f the e l o n g a t e d s t r e a k s were f a i r l y d e f i n i t e and 
gave the m a g n i f i e d drop d i a m e t e r s . 
The l i m i t i n g v a l u e s o f the r a d i u s o b t a i n e d by 
t h i s method were 0.024 to 0.030 cms. t h i s r a d i u s b e i n g 
almost e x a c t l y t h a t expected f r o m t h e v e l o c i t y , when 
l a m i n a r m o t i o n i s assumed. 
The v e l o c i t y per u n i t p o t e n t i a l g r a d i e n t i s o f 
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the same o r d e r as t h a t o b t a i n e d by t h e r o t a t i n g c e l l 
method, a l t h o u g h I t i s somewhut h i g h e r than any o f the 
r e s u l t s o b t a i n e d by A i t y . i t may perhaps be 
expected t h a t the charges a t these p u r i t i e s 9t * a t e r 
may l a r g e l y depend on the n a t u r e o f the r e s i d u a l 
i m p u r i t i e s t h a t r e m a i n , so t n a t i t i s n o t s u r p r i s i n g 
t h a t I d e n t i c a l r e s u l t s a r e n o t o b t a i n e d . 
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SUMMARY. 
( 1 ) . The {greater p a r t o f the t h e s i s i s an 
account of t h e i o n i c charges a c q u i r e d by d r o p l e t s o f 
mercury i n an e l e c t r o l y t e . I n the experiments des-
c r i b e d f i r s t s u l p h u r i c a c i d was used as the e l e c t r o l y t e , 
h e s u l t s f o r t h e v a r i a t i o n o f charge w i t h drop s i z e i n 
a s o l u t i o n o f f i x e d c o n c e n t r a t i o n show t h a t the charge 
i s p r o p o r t i o n a l t o the ^/olume. R e s u l t s f o r the 
v a r i a t i o n o f the charge w i t h c o n c e n t r a t i o n o f e l e c t r o -
l y t e are a l s o g i v e n , the charge i n c r e a s i n g w i t h 
c o n c e n t r a t i o n , b u t n o t i n d i r e c t p r o p o r t i o n . A graph 
• h n w i n i r t.h« r»h»T»r*« «t ATIT c o n c e n t r a t i o n between .IN 
and .001N i s i n c l u d e d . 
Experiments us inn; s u l p h u r i c n c i d s o l u t i o n s 
s a t u r a t e d w i t b mercurous s u l p h a t e show t h a t t h i s causes 
a l l v a l u e s o f the charges t o be reduced ( t h e decrease 
b e i n g most e v i d e n t i n the weaker a c i d s o l u t i o n s ) and 
seem to a f o r d e v i d e n ce t h a t , i n a c i d t h e charges on 
the drops are due t o hydrogen i o n s , and n o t mercurous 
i o n s as has been assumed by s e v e r a l I n v e s t i g a t o r s , 
h e s u l t s o b t a i n e d i n s e v e r a l e l e c t r o l y t e s o t h e r t h a n 
s u l p h u r i c a c i d a r e a l s o g i v e n . Some r e s u l t s o b t a i n e d 
by an e n t i r e l y d i f f e r e n t method a r e i n c l u d e d f o r 
comparison. I n t h i s method t h e charges were measured 
by a b a l l i s t i c galvanometer. The r e s u l t s , though 
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leaa a c c u r a t e , a f f o r d g o o d c o n f i r m a t i o n o f those 
o b t a i n e d by t h e o r i g i n a l method. 
^ 2) A d e s c r i p t i o n I s driven o f some exp e r i m e n t s 
i n whioh amalgam drops were employed i n the p l a c e o f 
pure uiercary. S i l v e r amalgam behaved i n a manner 
very s i m i l a r t o pure rii e r c u r y , b u t s i n e and cadmium 
amalgams b o t h showed a c u r i o u s phenomenon. The drop 
charges were found t o be n a t u r a l l y p o s i t i v e , b u t t h e i r 
charge c o u l d be r e v e r s e d i r s i g n by a p p l i c a t i o n o f a 
s u f f i c i e n t l y s t r o n g f i e l d i n t h e e l e c t r o l y t e . The 
pro o a b l e e x p l a n a t i o n o f t h i s e f f e c t i s d i s c u s s e d . 
SCVGr«*l i C a u i l s a i i u « v l i i & wj»r«,oa I n v a r i o u s * pu l i O J l L l t l l 
g r a d i e n t s , and f o r amalgams o f v a r i o u s c o m p o s i t i o n s 
are i n c l u d e d . Some a t t e n t i o n i s dovoted t o the 
s i g n i f i c a n c e o f t h e f a c t t h a t z i n c and cadmium appear t o 
be n a t u r a l l y p o s i t i v e , 
( 5 ) , A few r e s u l t s w i t h a i r bubbles i n w a t e r , t h e 
charges on whic h were deduced i n a s i m i l a r manner, a r e 
d e s c r i b e d . These exp e r i m e n t s show the p o s s i b i l i t i e s 
o f the method f o r c a t a p h o r e s i s e x p e r i m e n t s . 
( 4 ) . I w i s h , i n c o n c l u s i o n , t o express my s i n c e r e 
thanks t o P r o f e s s o r J.E.P. Wagstaff to.A. i ) , S c , f o r 
h i s c o n t i n u a l h e l p , a d v i c e , and encouragement t h r o u g h o u t 
the p e r i o d o f r e s e a r c h , and t o a l l t h e r e who showed 
i n t e r e s t i n t h e work. 44. 
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